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Optical radar system (below) uses coherent light beam from ruby 
maser, can differentiate between small objects three miles away, p 51 
Predicting spurious outputs in radio transmitter design, p 68 
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CONTROL sade 
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Type 1570-AL Automatic Line Voltage Regulator 
for 115v, 60-cycle lines... $530. 


Hold 10% line-voltage variations to 0.25% 





Qutent vet diustabi 10% ... Without introducing 
utput voltage adjustable over a + 10% , 
range from a base value of 115 volts. waveform distortion... 





. nn ae ... At continuous loads up to 

orrection range in percent = + . 

of output voltage . . 50 amperes and short-time surges 
up to 500 amperes... 





Output current 50 25 
in amperes 





... No power factor restrictions 
KVA 5.75 2.9 or dead zones... 





Correction accuracy as per- 
cent of nominal output voltage 


230-vo/lt models, 50-cycle models, 


Correction speed in and militarized mode!/s also available. 
volts per second 
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BUSINESS 


Kwajalein Girds for Early Nike Zeus Tests. Exclusive report 
Chemical Firms Push Organic Research, Eye Semiconductors 
USAF to Get Automatic Data Acquisition Net. Contracts coming 
Space Radio Needs Probed. Officials seek comments from all sides 
Combines Engineering Departments. Case forms division 
Crosstalk 4 Electronics Abroad 
Comment } Washington Outlook 


Electronics Newsletter Meetings Ahead 


ENGINEERING 


Laser is basis of Hughes coherent light detection and ranging sys- 
tem with one-minute beamwidth. Light beam shown is for 
illustration; laser output cannot be photographed. For system 
details, see p 51 COVER 


Optical Ranging System Uses Laser Transmitter. Range of 2 to 
3 miles at present. By M. L. Stitch, E. J. Woodbury and J. H. 
Morse 


Prepunched Cards Test Data-Link Modules. Multipurpose tester 
isolates faulty component. By W. Mergner and J. A. Paschall 


Designing Low-Current Thermoelectric Coolers. Operating at 0.5 
to 3 amps and 0.5 to 3 volts. By R. M. Jepson and G. G. Messick 


Measuring Frequency Stability of Pulsed Signals. Without syn- 
chronization or frequency reference. By R. H. Holman and 
R. B. Shields 


One-Transistor Single-Shot. Novel circuit uses Zener diode. By 
T. F. Heiting 


Predicting Spurious Transmitter Signals. Tabular approach 
eliminates guesswork. By J. G. Arnold 


DEPARTMENTS 


Research and Development. Finding Hidden Data on Tapes 
Components and Materials. Poly-Diodes Simplify Logic 
Production Techniques. Rolling Improves Soldering 

New on the Market 86 People and Plants 
Literature of the Week 100 Index to Advertisers 





another Sarkes Tarzian 
_ production breakthrough! 





Specifications at 25° C 





Zener Test Dyn. | 
Tarzian | Voltage Current |imp.(MAX) 
Type (V) (MA) (Ohms) 





VR6 6 25 4.0 
VR7 7 5.0 
VR8.5 8.5 6.0 
VR10 10 8.0 
VR12 12 10 
VR14 14 ll 
VR18 18 17 
VR20 20 20 
VR24 24 28 
VR28 28 42 
VR33 33 50 
VR39 39 70 
VR47 47 98 
VR56 56 140 
VR67 67 200 
VR80 80 280 
VR90 90 340 
VR105 105 400 
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1-watt 


‘Tarz 1an Epoxy enclosed 


6 to 105 volts, in 20% increments 
@ a 
Silic on \ ot a e Standard tolerance is 20% 
(all common tolerances available on request) 
immediate availability 


Regulators Sarkes Tarzian did it in 1957 for silicon rectifiers 


and has done it again in 1961 for silicon voltage 
t regulators...devised production methods that 
NOW a make it possible to offer quality silicon 
semiconductor devices at a price level that 
permits their use not only in Sunday circuits 
WOT ay but also in workday circuits. 
r At the new low prices, more circuits can be 
Oe S better protected or improved in performance by 
p the use of these small and inherently rugged 
devices as clippers, limiters, and regulators. 


Send for price and ordering information. 


Where highest quality SARKES TARZIAN, INC. 
is in volume pr oduction World's Leading Manufacturers of TV and FM Tuners « Closed Circuit TV Systems « Broadcast 
Equipment « Air Trimmers « FM Radios « Magnetic Recording Tape « Semiconductor Devices 
SEMICONDUCTOR DIVISION « BLOOMINGTON, INDIANA 
in Canada: 700 Weston Rd., Toronto 9 « Export: Ad Auriema, inc., New York 
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ON THE SHELF— 
ARNOLD CORES 


IN WAREHOUSE STOCK 
FOR IMMEDIATE DELIVERY 


Let us handle your inventory prob- 
lems and save you time and money 
on ‘your magnetic core requirements. 

Extensive stocks of four types 
of Arnold cores in the most popu- 
lar sizes have been set up in our 
Marengo, Illinois and Fullerton, 
Calif. plants. Subject of course to 
temporary exhaustion of stock by 
prior sales, these cores will be 
shipped the same day on orders re- 
ceived at the warehouse by 12:00 
noon. When cores are out of stock 
at the nearest plant, we may be 
able to ship within 24 hours from 
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the other. 

Arnold core products covered 
by this warehouse stock program 
include: 1) Silectron C, E and O 
cores in 2, 4 and 12-mil tape. 2) 
Type 6T aluminum-cased cores of 
Deltamax, Square Permalloy and 
Supermalloy, in 1, 2 and 4-mil 
tape. 3) Mo-Permalloy powder 
cores, both temperature-stabilized 
and unstabilized types, ranging 
down to “cheerio” sizes. 4) Iron 
powder toroids, threaded cores 
and insert cores. 

All four products are available 


in a wide range of selection, for 
your convenience and economy in 
ordering either prototype design 
lots or regular production quan- 
tities. - Stock lists, bulletins, etc. 
are available—write for informa- 
tion. The Arnold Engineering 
Company, Marengo, Iil. 


290986 


ADDRESS DEPT. E-4 


ARNOLD 


SPECIALISTS in MAGNETIC MATERIALS 





BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL 


CITIES «© Find them FAST in the YELLOW PAGES 


IRON POWDER 
CORES 


MO-PERMALLOY 
POWDER CORES 


6T TAPE CORES: 
DELTAMAX, SQUARE 

PERMALLOY and 

SUPERMALLOY 


SILECTRON 
C,E and 0 CORES 
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CROSSTALK 


ORGANIC SEMICONDUCTORS. In Chicago this week, over four hundred rep- 
resentatives of the electronics and chemical industries gathered to hear 
the latest reports on progress in the new technology arising from research 
in organic semiconductors. The occasion was the Inter-Industry Confer- 
ence on Organic Semiconductors, co-sponsored by ELECTRONICS and the 
Armour Research Foundation. The turnout was gratifyingly enthusi- 
astic, and confirmed our belief that organics are slated for a significant 
role in the future of electronic devices. We’re happy to have played a 
part in these early stages. For facts on how some chemical companies 
hope to use organic research as a ticket to the semiconductor market, 
see p 22. 


OUR MAN ON KWAJALEIN. He is, as you probably guessed, Pacific Coast 
Editor Hood. He isn’t stationed there permanently even though, we sus- 
pect, the beautiful waters have a strong appeal for such a sailing enthu- 
siast. Also appealing, as you can see on p 20, is the exciting electronics 
story developing on Kwajalein. The island is busily preparing for Nike 
Zeus tests. Hood went to Kwajalein to find out what is going on—and 
then filed his exclusive article. His swing around the Pacific also has 
taken him to Kokee Park, Hawaii (see ELECTRONICS, p 28, April 14). 


Coming In Our April 28 Issue 


COMPUTERS TODAY. The past 15 years has seen a few experimental devel- 
opments grow into the impressive industrial technology that represents 
today’s computer industry. Since 1956 alone the number of computer 
manufacturers has doubled and in 1960 the industry as a whole grossed 
over $1 billion. 

To bring you up to date on where the computer industry stands as 
well as where it is headed, Associate Editor Leary has spent the past two 
months visiting computer laboratories and installations across the coun- 
try. Results of this tour, which covered countless miles, will show up 
next week in a 32-page special report. 

The report surveys the technology as it exists now, covering develop- 
ments in circuits, systems, logic, input—output devices, memories, infor- 
mation retrieval and industrial controls. Trends anticipated for mag- 
netics, tunnel] diodes, cryogenics and thin-films are then examined. You 
won’t want to miss this useful and informative special report. 


IN ADDITION. A variety of interesting feature material to appear next 
week includes: designing printed-circuit spiral antennas by J. J. Wolfe 
and R. Bawer of Aero Geo Astro Corp.; simulating war games with analog 
computers by V. J. Caggiano of Johns Hopkins University; improving 
gain control of transistor amplifiers by J. S. Brown of General Electric; 
and a transistor circuit that regulates a fluorescent lamp by L. L. Black- 
mer and A. T. Wright of Eastman Kodak. 
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RAYTHEON COMPANY. 


INDUSTRIAL COMPONENTS DIVISION 






High Speed, 


High Resolution, 
High Sensitivity 
Spectrum Analysis 


With Rayspar. 
SPECTRUM 
ANALYZER 


Raytheon Rayspan Spectrum 
Analyzers provide several 
important benefits not available 
with sweeping gate single filter 
type analyzers. Through a unique 
application of multiple filters, 
it is capable of analyzing entire 
spectrums as wide as 33 ke 

at scanning rates as high as 200 
times per second with excellent 
resolution and sensitivity. 
Frequencies as low as 20 cps can 
be identified. Resolution for 
two equal-amplitude signals is 
approximately 0.7% or 3% of 
the analysis band depending on 
the Rayspan model employed. 
Dynamic range of 40 db. 





Any model can be adapted 

for use with high speed, helix 
recorders to provide permanent 
records of frequency versus 

real time. A built-in timing pulse 
generator allows scan-by-scan 
synchronization of Rayspan 

with an oscilloscope. 

The ability to analyze a wide 
frequency range rapidly and 
continuously, makes it the most 
versatile analyzer available for 
such application as Telemetered 
Data Analysis, Industrial 

Noise Reduction, Shock and 
Vibration Studies, Complex 
Waveform Analysis, Transmission 
Surveillance, Speech Analysis, 
Acoustic Studies, Equipment 
Inspection. For complete 
technical data please write to: 
Raytheon, Industrial Components 
Division, 55 Chapel Street, 
Newton 58, Massachusetts. 





For production line testing, 
quality control, 
ee) a 

ee > 


NEW METERE 
VARIABLE A 
BENCH 
SUPPLIES 


Deliver Any Voltage Up to 140 VAC 

» Linear Variation of Output Throughout 
Entire Range 
Smooth Rotary Brush-Tap Controlled 
by Dial on Panel 
Highly Efficient Variable 
Auto-Transformer of Toroidal 
Core Design 
No Waveform Distortion or Voltage 
Drop from No-Load to Full-Load 
Separate Output Ammeter and 
Output Voltmeter 
Dual Range Ammeter: Switching 
Permitted Under Load 
Rugged, Compact, Professional 
Appearance 


Study the performance of electric or elec- 
tronic components under varying line con- 
ditions . . . expose intermittent components 
by inducing failure with over-voltage .. . 
check power consumption .. compensate 
for power line voltage variations. 














Mode! 1073 (3 amp. rating) 
Kit $35.95 Wired $47.95 
Model 1078 (714 amp. rating) 
Kit $42.95 Wired $54.95 
(Add 5% in the West) 


300 N. Bivd., L.1.C. 1,-N. Y 


EICO, Dey oot EG 
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Medical Electronics 


. I have been following your 
articles on medical electronics (p 
49, Jan. 20; p 46, Feb. 3; p 54, 
Feb. 24) with great interest and 
I feel that they are very well done 
indeed. They constitute an excel- 
lent survey of the present status of 
medical electronics and the very 
fine bibliography enables one to go 
further in any one phase. 

Our interest here at the Univer- 
sity of Arizona is to promote an 
interdisciplinary teaching and re- 
search program between our life- 
science departments and the elec- 
trical engineering department. In 
the Fall we are introducing the 
first course in this program. It is 
entitled Electronic Instrumentation 
and will be open only to life-science 
graduate students and selected sen- 
ior premedical students who are 
life-science majors. 

Electronic instrumentation will 
be taught in its broadest sense in 
the hope that the students will be 
able to understand more fully the 
limitations and possibilities of the 
electronic equipment which they 
are working with. Also this course 
should enable them to set up with 
considerable confidence an instru- 
mentation system to gain the infor- 
mation desired in their research. 
The aim of our program is to stim- 
ulate an interest in electronic in- 
strumentation per se at the gradu- 
ate-student level as well as to 
foster interdisciplinary cooperation 
in research across the campus. 

STEWART BECKER 
UNIVERSITY OF ARIZONA 
TUCSON, ARIZ. 


. Your articles on medical elec- 
tronics have caused quite a stir 
here in Milwaukee. Everyone 
thinks them to be a most compre- 
hensive and authoritative series. 
I would appreciate your sending 
me the full series in reprint form; 
I fear that by the time I receive 
the magazine, the articles will be 
stolen . 

R. D. NEWELL 
GENERAL ELECTRIC 
MILWAUKEE 


Meteorological Equipment 


On p 12 of your March 10 issue, 
under “Air Force Accelerates 
Weather System Test” (Newslet- 
ter), the AN/FMQ-5 is referred 
to as Rawin gear. The AN/FMQ-5, 
developed and manufactured by 
Olympic, is known as an automatic 
meteorological station. The AN/ 
TPQ-11 radar cloud-height detec- 
tor, was also developed and is man- 
ufactured by Olympic; this item 
was referred to but not fully iden- 
tified in the last paragraph of the 
item you published. 

DAVE GERSTEIN 
OLYMPIC RADIO & TELEVISION 
LONG ISLAND City, N. Y. 


X-Band Oscillator 


I was interested to see our swept- 
frequency X-band oscillator men- 
tioned in your description of the 
Exhibition of the Institute of 
Physics and the Physical Society 
(“Solid State Is Theme of British 
Physics Show,” p 25, Feb. 10). 
However, the tube is swept several 
hundred megacycles in frequency, 
not several megacycles. Although 
there was a shortage of creature 
comforts at the show, there was no 
shortage of bandwidth. 

S. J. LAREDO 
DECCA RADAR LTD. 
WALTON-ON-THAMES, ENGLAND 


Chief Editor MacDonald says he 
put the right number in the cable 
but that it got garbled in the trans- 
mission, 


Universal Counter 


Your team of editors ... must 
have been so excited about Com- 
puter Measurement’s 100-Mc uni- 
versal counter timer that they for- 
got to include it in their report 
(“Scanning Last Week’s IRE 
Show,” p 18, Mar. 31). 

This solid-state instrument not 
only makes 10-nsec accuracy time- 
interval measurements, but per- 
forms period, frequency and fre- 
quency-ratio measurements as well 


W. R. DAVIES 


S. S. LEE ASSOCIATES 
TOWSON, MD. 
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“And as time goes on, 


‘defense’ becomes less a matter of courage, of panache, 


and more and more a matter of preparation.” 





Clemenceau 


The sense of urgency...the need of preparation.+,is all-important in our era. Today, every military 
project, large or small, requires the greatest speed of execution.—s#— You will find this fast reflex 
to problems at Daystrom Military Electronics Division, where we have successfully modularized 
our total effort so that each program is handled independently, and most often completed ahead of 
schedule.—s—When you require this fast capability on a prime or sub-contract level, contact: 


i 
te 


uF 
es 


TN 
_DAYSTROM, incorporatep 
™ MILITARY ELECTRONICS DIVISION 


ARCHBALD, PENNSYLVANIA « JErmyn 1100 


Radar @ Simulators and Trainers# ASW Systems # Electronic and Mechanical Assembly 
Fire Control Systems & Potentiometers™ Magnetic Memory and Digital Systems for Military Applications 
Nuclear Instrumentation® Air/Ground Support Equipment ® Light and Heavy Metal Fabrication 


*bravado 
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5 VOLTS 


DECIBELS 
IMW 600 


HEWLETT Op PACKAMA 





New individual calibration of meter scales used in standard @ instruments gives you commercial 
instrument accuracy approaching that of lab standards! Through a servo system, each calibration 
line on each instrument’s meter face is located precisely and then printed. What the voltage actually 
is—you read! No preprinted approximate scales are used. 

This new standard of # accuracy assures you that each voltmeter scale is calibrated to the exact 
characteristics of its individual meter movement. Scale tracking error is eliminated, and you get 
improved performance at the same moderate price. 

Further, this calibration and inspection procedure at 4 automatically rejects faulty meter move- 
ments. Tracking characteristics of each meter movement are determined over its entire range, and 
rigid tolerance control assures optimum performance. 

These are the first commercial voltmeters wherein the meter tracking error is eliminated. Check the 
specifications below for the meter which meets your requirement. You are assured of improved 
performance, with this source of error eliminated—plus all the other advantages you expect in @ 
instruments: dependability, ruggedness, convenience. They’re yours at no increase in cost. 

This new standard of calibration is another part of #’s continuing effort to produce more accurate, 


more dependable, more useful instruments for measurement . . . and to produce them at moderate cost 
for highest value to the user. 


Brief Specifications of the 4 individually calibrated voltmeters 
2 @ 400H Vacuum Tube Voltmeter Be ® 400L Logarithmic Voltmeter 


Voltage Range: 0.1 mv to 300 v, 12 ranges F Voltage Range: 0.3 mv to 300 v, 12 ranges 
Frequency Range: 10 cps to 4 MC Decibel Range: —70 to +52 db, 12 ranges 
Accuracy: With nominal line voltages from j Frequency Range: 10 cps to 4 MC 
103 to 127 v, overall accuracy is within i Accuracy: At nominal line voltage + 10%, overall accu- 
+1% of full scale, 50 cps to 500 KC : racy is within 
+2%, 20 cps to 1 MC ; £2% of reading or £1% of full scale, whichever 
£3%, 20 cps to 2 MC ; a is more accurate, 50 cps to 500 KC 
£5%, 10 cps to 4 MC aa +3% of reading or £2% of full scale, 20 eps to 
Cabinet, $325.00; rack mount, $330.00 1 MC 
4% of reading or £3% of full scale, 20 cps to 
2 MC 
+£5% of reading 10 cps to 4 MC 
Cabinet, $325.00; rack mount, $330.00. 





@® 425A DC Microvolt-Ammeter —= ® 412A DC Voltmeter-Ohmmeter-Ammeter 


Voltage Range: Pos. and neg. valtages 10 f Voltage Range: Pos. and neg. voltages 1 mv to 1,000 v 
pv to 1 v full scale, 11 ranges full scale, 13 ranges 

Accuracy: +3% of full scale. Accuracy: £1% full scale on any range 

Ammeter: Current range, pos. and neg., 10 Ammeter: Current range, pos. and neg. currents from 1 
pa to 3 ma, full scale, 18 ranges; accuracy pa to 1 a full scale, 13 ranges; Accuracy £2% of full 
+3% of full scale. : scale on any range. 

Price: Cabinet, $500.00; rack mount, $505.00. 4 Ohmmeter: Resistance range, 1 ohm to 100 megohms 

2 center-scale, 9 ranges; accuracy £5% of reading, 0.2 

ohm to 500 megohms + 10% of reading, 0.1 to 0.2 ohm 
and 500 megohms to 5,000 megohms. 

Price: Cabinet, $400.00; rack mount, $405.00. 





First to bring you individually calibrated VTVM’s at no increase in cost! 


HEWLETT-PACKARD COMPANY 


1070A Page Mill Road Palo Alto, California, U.S.A. 
Cable “HEWPACK” DAvenport 6-7000 
Sales representatives in all principal areas 


HEWLETT-PACKARD S.A. 


Rue du Vieux Billard No. 1 Geneva, Switzerland 
Cable “HEWPACKSA” Tel. No. (022) 26. 43. 36 
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CLAROSTAT 


CIRCLE 10 ON READER SERVICE CARD 


SPECIFICATIONS — SERIES 59M14, 
10-TURN POTENTIOMETERS 


CLAROSTAT MANUFACTURING CO., 
DOVER, NEW HAMPSHIRE 
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ELECTRONICS NEWSLETTER 


Details Lacking 
On Vostok Flight 


AMONG the flood of publicity that 
Soviet news agencies turned loose 
after the spacecraft Vostok (East) 
completed its 89-minute flight 
around the world, there has been 
little technical detail. The human 
interest in the historic flight has 
been high; the propaganda value 
has been immense; technical details 
have naturally played a third fiddle. 
A few facts can be winnowed out: 

Passenger Yuri Gagarin re- 
mained in touch with home base by 
h-f and uhf radio from his 5-ton 
craft. The Vostok was in the air 
1 hour and 45 minutes of which 89 
minutes was orbital flight. The 
ship was slowed by reverse blasts 
and settled to earth by parachute. 
Airborne medics and _ observers 
hovered over the landing area, 
parachuted down when the landing 
fix was computed. 

Telemetry and tv systems were 
used to observe Gagarin in flight. 
The ground control station piped 
music into the craft’s cabin dur- 
ing flight. Soviet academician V. 
Dobronravov commented that 
“scientific instrumentation, guid- 
ance, and communications systems” 
have been improved along with de- 
velopment of more powerful rocket 
engines. Other academicians pre- 
dicted direct studies of upper at- 
mosphere and space, with emphasis 
on ionospheric currents and mag- 
netic-field boundaries, important 
to long-distance communications. 
Some Soviet commentators noted 
that instruments and automatic 
controls continue to be of first im- 
portance in running a spacecraft. 

Britain’s Jodrell Bank telescope 
did not catch the Vostok, appar- 
ently because the craft did not rise 
above Jodrell’s horizon. The sta- 
tion also did not report receiving 
any signals from the satellite. 

For details on U. 8. tracking sta- 
tion performance, see Washington 
Outlook, p 16. 


Air Agency Adopts 
Sidelobe Suppression 


FEDERAL AVIATION AGENCY  an- 
nounced last week the adoption as 
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a national standard of a sidelobe- 
suppression feature for air-traffic 
control radar beacons. Announce- 
ment came at the opening of the 
International Aviation R&D Sym- 
posium in Atlantic City, N. J. 

Present equipment has a rotating 
beam whose sidelobes evoke too 
frequent responses from aircraft. 
Suppression feature transmits a 
nondirectional pulse positioned be- 
tween the two interrogating pulses 
of the beacon; this prevents air- 
craft other than those in the main 
beam from replying. Immediate 
result will be to extend range and 
increase capacity of the present 
beacon system. 

FAA and Britain’s Ministry of 
Aviation reached agreement on 
technical details of the suppression 
system prior to recommending its 
adoption. 

In another development, FAA 
awarded a $928,227 contract to 
SoundScriber Corp. for magnetic- 
tape recording gear which will use 
one-inch tape to record voice inter- 
changes between aircraft and con- 
trol centers. The equipment will be 
able to record 30 voice channels 
simultaneously and _ continuously 
for 17 hours. 


Nuclear Blast Detector 
Uses VLF, Infrared 


PROTECTION from nuclear or ther- 
monuclear blast for interconti- 
nental ballistic missiles relies on 
detection system devised by ITT’s 
space communication labs. ITT’s 
system uses both  very-low-fre- 
quency and infrared sensors to de- 
tect fission or fusion blasts well 
in advance of the arrival of ballistic 
or acoustic waves, thermal shocks 
or neutron radiation, all of which 
travel substantially slower than 
light. Advance warning from vif 
or ir sensors closes all intake mani- 
folds, blast valves and access doors 
to Titan and Atlas silos, protecting 
weapons and operating crews. 
Infrared sensors detect light 
from the blast, and vif equipment 
using buried antennas hears r-f 
output in the 100-400 Ke range. 
Levels at which the system re- 
sponds are chosen so that lightning 


flashes, or other meteorological or 
telluric phenomena, won’t set off 
the protection system. First instal- 
lation is already in; about 100 more 
are being produced for the rest of 
the Atlas and Titan hard sites. 


Self-Organizing System 
Performs Diagnosis 


LEARNING MACHINE being devel- 
oped by Raytheon uses associative 
reinforcement to organize input 
information and determine opti- 
mum approaches to problem solu- 
tion. Device is called Cybertron, 
has turned out medical diagnoses 
by running through thousands of 
feet of electrocardiograph tape rec- 
ords. Cybertron will be used in 
unspecified military applications, 
will also be given task of evaluat- 
ing meteorological data. 


Conference Calls for Basic 
Semiconductor Research 


AIR FORCE conference on ultrapuri- 
fication of semiconductor research 
held in Boston last week heard re- 
ports of work at MIT on thermody- 
namic properties of II-IV and 
V-VI semiconductor compounds. A 
researcher from a major silicon- 
processing firm declared that new 
emphasis in materials research will 
be on kinetics, thermodynamics, 
other relatively neglected fields. 
Some 500 engineers and scientists 
at the conference heard repeated 
calls for more basic work on semi- 
conductor materials by chemists 
and physicists to achieve better 
control of lifetime, Hall coefficient, 
energy gap, charge-carrier mobil- 
ity, resistivity. 


Space Agency Buys 
Hybrid Computer 


NATIONAL AERONAUTICS & Space 
Administration is using a hybrid 
computer developed by Electronic 
Associates. The system uses both 
analog and digital techniques, is a 
complex of some 1,500 high-speed 
computing circuits of which 800 
are specially designed amplifiers. 
Besides classic analog functions— 
multiplication, differentiation, in- 
tegration—the system can add and 
subtract, has a dynamic memory, 
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uses input from any of three auto- 
matic digital input-output devices. 

In another development, NASA 
and the Atomic Energy Commis- 
sion have received seven proposals 
from industry for R&D of a nuclear 
rocket engine. Invitations from 
NASA and AEC followed success- 
ful test of Kiwi-A3 at Los Alamos 
last October 19. Selected contractor 
will help AEC develop Kiwi-B, pro- 
totype of a space reactor, and the 
engine to go with it. SNAP-2 has 
meanwhile gone critical in Canoga 
Park, Calif.; the SNAP series are 
lightweight systems meant for gen- 
erating power’ in _ spacecraft. 
SNAP-2 weighs 200 lb, was de- 
signed by North American Avia- 
tion, produces 50 Kw of heat, 3 Kw 
of electricity. 


Infrared Radiometer 
Developed for Nimbus 


INFRARED RADIOMETER to be carried 
aloft in the Nimbus weather satel- 
lite and map earth’s cloud cover 
completely every 24 hours has been 
developed by ITT. The Nimbus is 
scheduled to be launched on a Thor- 
Agena within a year. 

Radiometer will produce tempera- 
ture map of a 2,000-mile-wide strip 
of the earth’s surface or cloud cover 
every 90 minutes. Four-inch opti- 
cal mirror system will focus 
chopped radiation onto a lead- 
selenide detector sensitive to the 
3.4-to-4.2-micron spectrum. Obser- 
vations will be stored on electro- 
static tape, transmitted to earth on 
command. High-latitude site— 
probably in Alaska—will be pri- 
mary acquisition station. 

Logarithmic circuits will permit 
the radiometer to take cloud-cover 
readings on the night side and still 
function in the higher noise levels 
of the sunlit side. Back of the de- 
tector will be aimed out into space 
to maintain supercooled state for 
optimum sensitivity. 


Electronic Components 
Resume Upward Trend 


SHIPMENTS of electronic compo- 
nents—including tubes and transis- 
tors—increased about 4 percent 
during the last quarter of 1960, 
according to the electronics division 
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of Business & Defense Services Ad- 
ministration. The rise, which is re- 
ported to be continuing into first- 
quarter 1961, contrasts with a 
5-percent decline recorded in the 
third quarter of 1960. Increased 
military and industrial demand 
sparked the rise; shipments of com- 
ponents for consunrer gear de- 
clined significantly. Total ship- 
ments for 1960 were 10 percent 
over 1959 levels. 

In Great Britain, Radio & Elec- 
tronic Component Manufacturers 
Federation also announced last 
week an increase in 1960 produc- 
tion over 1959 of about 10 percent. 
Total value of British production of 
components in 1960 was given as 
$290 million. (The RECMF figures 
exclude “electron tubes, transistors 
and cathode-ray tubes.’’) Exports 
were up 36 percent over previous- 
year figures; the U. S. was the larg- 
est customer, having purchased 
over $13 million worth. 


Defense Contracts Stress 
Space, Missile Defenses 


CONTRACT for $17 million to develop 
communications system for Army’s 
project Advent was awarded last 
week to Bendix Corp. Advent will 
test the feasibility of a microwave 
communications satellite operating 
in a 24-hour synchronous (appar- 
ently stationary) orbit. Develop- 
ment of the communications system 
is already underway at Bendix’s 
systems division; contract includes 
responsibility for the satellite re- 
peater, special ground equipment, 
checkout gear and engineering of 
the entire system. Bendix radio di- 
vision is building the ground ter- 
minal stations. 

Polaris missile submarines con- 
tinue to receive new Navy money. 
Interstate Electronics was awarded 
a $9.5-million contract to design, 
build and test instrumentation sys- 
tems for “a new class” of Polaris 
subs. General Telephone & Elec- 
tronics got a $5-million contract 
for Polaris communications, with 
work to be done by GT&E subsidi- 
ary Sylvania. 

Bell Aerosystems is building a 
radar-computer system designed to 
land aircraft automatically on the 
nuclear carrier Enterprise. The 
system, which uses an Autonetics 
Verdan computer, will land the 


craft without pilot intervention. 
The Enterprise will check out the 
system, which is planned for in- 
stallation on nine other carriers. 


N. J. Turnpike Expands 
Microwave Communications 


NEW JERSEY Turnpike is expanding 
and modernizing its microwave 
communications facilities. RCA 
has been awarded a contract to fin- 
ish a program begun in 1956 to 
replace older gear with a high- 
capacity microwave system provid- 
ing up to 120 channels for adminis- 
trative, maintenance and _ police 
communications. New stations will 
be added at the northern and south- 
ern termini of the 131-mile pike 
and at two major interchanges. 
Original system served seven sta- 
tions with 40 channels at 960 Mc; 
new system operates in the 2-Gc 
band, will have 13 stations all told. 


Announce Development 
Of Flat-Screen Display 


DISCOVERY of what was described as 
a “new approach” to flat-screen op- 
tical displays was announced by 
Electro-Tec Corp. last week. The 
announcement, couched in general 
terms, said the principles of molecu- 
lar electronics involved were basic, 
and that the device was “a complex 
of materials whose electrical, ther- 
mal and physical characteristics” 
were such that “an optical display 
can be induced across the complex 
by modulation with a voltage.” Dis- 
covery is “in development stages.” 


Chinese Use Tubes 
In Radio-Tv Receivers 


CHINESE PEOPLES REPUBLIC is pro- 
ducing radio and tv receivers in 
factories in Tientsin, Shanghai, 
Peking and Nanking. In 1958, the 
year the current five-year plan be- 
gan, CPR industry produced 1.1 
million radio receivers; no figures 
have been officially announced since 
but reliable sources in the Orient 
indicate production has passed the 
5-million mark. Most sets are 5- 
tube superhets; the Shanghai plant 
makes a big combination radio-tv- 
phonograph-tape recorder. 
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Miniaturization . . . extreme reliability . . . almost 

negligible power consumption . . . low bit cost—these merely 
provide the base for a whole stack of advantages when 

you choose AMP-MAD ® Counters over other types. 


AMP-MAD Counters are made with special multiaperture 

magnetic cores and wire only. Cores and wiring can 

be totally encapsulated. AMP-MAD devices provide either 

static count indication, or, in the case of higher 

count rates, a dynamic output as the count changes. 
CO U NTS Identical counter/driver units are triggered by pulses to be 

counted. As shown (below), in cascaded decade applications, 

units and tens ‘‘carry’’ kicks over following decade 


counter/driver and advances the count . . . with no limit 
to the number of decades! 


LIKE 


(Actual length 
1 27/32” max.) 





Check these additional AMP-MAD features: 

e —55°C to +75°C temperature operating range (standard) 

@ small size—fits miniaturization requirements 

@ ultimate in reliability 

@ requires no sustaining power 

@ one to zero discrimination of 8 to 1 (20 to 1 on request) 

@ non-volatile count storage 

@ minor aperture output level up to 80 mw for incandescent 
light display of count (alternate output wiring 
scheme for that illustrated). 


You'll want to know more about AMP-MAD Counters... 
Shift Registers, too! And there’s more to tell. Write 
for complete information today. 
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6 8 
ry A 
EN LO i 
<> <=> »— 
gg ) Pe — ; 


I) PEK\_L/ FER \_L/ FRAN 


\ 


\ " j 
| } y 

i x avy 
oon: \ 


4 — 


AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


AMP products and engineering assistance are available through subsidiary companies in: Australia * Canada * England © France * Holland © Italy * Japan * Mexico * West Germany 
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ELECTRONICS ABROAD 


Burma Importing More, 
U.S. Third As Supplier 


RANGOON—Electronic imports into 
Burma rose from about $1.7 mil- 
lion in 1958 to $2 million in 1959, 
according to U. S. Department of 
Commerce. 

The U. S. ranked third as a sup- 
plier in 1959, accounting for about 
$402,000 worth of material. Japan 
did the highest volume of business, 
$532,000, followed by United King- 
dom volume of $455,000. 

Other nations sharing in the 
Burmese market were West Ger- 
many, $132,000, and the Nether- 
lands, $118,000. 

At present some business is 
transacted in assembling consumer 
radio receivers in Burma from im- 
ported components. Items imported 
for this purpose totaled about 
$551,000 in 1959. 

Most VU. S. imports here consist 
largely of components for commer- 
cial rather than consumer electron- 
ics. Among these are transmitting 
and power tubes for broadcasting 
and radiocommunications use. Most 
consumer radios are supplied by 
Japan. Part of these shipments are 
reparations from WW II days. No 
television has been established yet. 

The government’s. Electricity 
Supply Board is the largest im- 
porter of electronic items. 


Japan Radio Imports 
Rise in Nicaragua 


MANAGUA—Market for popular 
priced radios here is chiefly Japa- 
nese, according to recent observa- 
tions, and is dominated by multi- 
band receivers. Despite this, price 
competition continues keen with 
slightly under ten percent of the 
consumer radio market going to 
Federal Republic of Germany. 

U. S. position as main supplier 
of radio receivers has declined al- 
though top position in radiophono- 
graph combinations, high fidelity 
gear and broadcast and communi- 
cations equipment is still held. 

About 75,000 radio receivers and 
4,300 television receivers are used 
in Nicaragua. Most tv sets are 
from one U. 8S. company although 
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competition is expected to increase 
soon. 

The nation’s imports of radio 
and tv gear and components have 
remained relatively steady with 
U. S. accounting for about 54 per- 
cent of the market. Figures: 1959 
—$566,432, 1958—$552,446, 1957 
— $562,705. 


Dutch Unit Fires Guns, 
Controls Small Missiles 


AMSTERDAM—Security wraps have 
been partially lifted here from a 
radar firing control installation 
called the L4/5, claimed by Dutch 
spokesmen to outperform any other 
fire control system. 

Main feature of the apparatus is 
that it can be used for firing guns 
as well as for controlling small mis- 
siles. While following and firing at 
aircraft targets, the L4/5 antennas 
are reportedly able to maintain 
search scanning: of air sectors in 
case of simultaneous attack from 
more than one source. 

The installation’s antenna sys- 
tem is able to detect low-flying air- 
craft and train the guns it controls 
automatically on target at the push 
of a button. When targets are 
within range, another pushbutton 
provides automatic firing. Several 
guns can be connected to the sys- 
tem at a time. Dutch military au- 
thorities say the equipment is of 
special value because inexperienced 
personne] can operate it effectively. 

Other than disclosing that the 
firing controls are transistorized, 
the manufacturer, Hollandsche 
Signaal Apparatenfabrieken of 
Hengelo, a Philips of Eindhoven 
subsidiary, is keeping most techni- 
cal details confidential. 


British Announce 


Gas Pump Display 


LONDON—Beginning test trials this 
week in south England is a new 
gasoline pump display for filling 
stations which uses pulse trains to 
show customers price and quantity 
of gasoline being put in their 
autos. 

Developed by the Wayne Tank & 


Pump Co., Ltd. in conjunction with 
Shell International Petroleum Co., 
Ltd., the system separates pumping 
functions into three groups: pump- 
ing, metering and display. While 
the first two functions are per- 
formed in the normal mechanical 
way, the display function is re- 
motely initiated at the storage 
tanks by a d-c energized pulse 
transmitter which supplies two 
pulse trains, one for quantity of 
gasoline, the other for price. 

The trains drive stepping motors 
in a separate display unit mounted 
ahead of the motorist instead of on 
the gasoline pump. British devel- 
opers are planning demonstrations 
of the new system in the U. S. 


Eastern Nations Report 
Climb in Radio, Tv Sets 


VIENNA—Reports reaching here 
from Warsaw and Budapest 
sources indicate an upward trend 
in radio and tv subscribers. 

A Polish source, using March 1, 
1961 figures, says that nation has 
4,047,000 radio set owners and 
468,000 tv set owners. Ownership 
is highest in cities, where 2,768,000 
radio sets are registered as against 
1,279,000 for rural areas. Polish 
cities have a total of 404,000 tv re- 
ceivers while rural areas account 
for 64,700. 

One observer notes that highest 
set ownership in both radio and tv 
is reported in cities formerly in 
German territory: Gdansk (Dan- 
zig), Wroklav (Breslau), Catto- 
vice (Kattowitz). Poland’s total 
population is reported at 27 million. 

Hungarian Postal Minister, An- 
tal Katona, is quoted from Buda- 
pest as saying six tv broadcast sta- 
tions have been commissioned in 
Hungary between 1958 and 1960. 
There are 123,621 tv license hold- 
ers. Extension of the Hungarian 
ultra-shortwave network is planned 
for the 1961-1965 five-year plan, 
with greatest growth anticipated 
for the eastern part of the country. 
Plans will allow the new system to 
handle up to 60 simultaneous tele- 
phone calls between Hungary and 
the Soviet Union. Hungary’s popu- 
lation is reported at 10 million. 
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THERE IS growing speculation over just how well the U.S. is able to detect 
orbiting satellites. The U.S. has an elaborate network of radar stations 


that are supposed to provide a 24-hour surveillance on unannounced 
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Sprague-developed mass production 
and quality-control techniques assure 
lowest possible cost consistent with 
utmost quality and reliability. Here 
too, complete fabrication facilities 
permit prompt production in a full, 
wide range of sizes and shapes. 
Look to Sprague for today’s most 
advanced ceramic elements — where 
continuing intensive research prom- 
ises new material with many proper- 
ties extended beyond present limits. 


SE YOUR INQUIRIES 
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_ gpm) WRITE FOR 
==" LITERATURE 

SPRAGUE ELECTRIC COMPANY 


35 Marshall Street, North Adams, Mass. 


SPRAGUE 
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satellite launchings. Its purpose is to guard against having unknown 
enemy spy satellites orbiting over the U.S. 

Reports on U.S. tracking of the first Soviet manned orbital flight on 
April 12, however, raise some doubt about the effectiveness of the U.S. 
system. The White House said the U.S. tracked the Russian flight 
throughout its flight. Other reports are that part of the detection net- 
work didn’t start tracking until several hours after the astronaut had 
returned to earth. Then, it was only the empty rocket casing that was 
being tracked. 

The effectiveness of the U.S. satellite detection net is kept under tight 
security wraps. Information on its operations are released to the public 
through the National Aeronautics and Space Administration. But, it is 
the military that decides what, if anything, will be released. 

At the earliest, the U.S. will attempt to orbit a man late this year. 
There are about a half-dozen additional tests that must be conducted 
before the manned orbital attempt will be made. These include some five 
more Mermury-Redstone launches and a minimum of three to four Mer- 
cury-Atlas shots. 

_ Two of these tests are expected to be made within the next few weeks. 
One will be the MR-3 shot that is to carry an astronaut in a 115-mile 
high ride down-range some 290 miles. The other is to shoot an unmanned 
Mercury capsule into orbit with an Atlas booster, then immediately bring 
it back to earth. 

The possibility of the U.S. shaving months off of its schedule is tech- 
nically possible if intermediate tests work with 100 percent perfection. 
But, there is little practical chance of this. Primarily, the reason is that 
the scientists and engineers want repeated successes before they risk 
sending a man aloft. 

The Soviets monitored their astronaut by television during his flight. 
The U.S. will not do this. The reason is that the weight of the equipment 
is greater than the U.S. could accommodate in the Mercury-Atlas vehicle. 

We will, however, be in continuous voice communication with our 
astronaut. 

The U.S. was not asked to aid the Soviet Union in tracking its manned 
capsule. And, some reports say the first time some U.S. stations picked 
up the empty rocket casing was at 7:13 a.m. EST. Two U.S. tracking 
stations tracked the empty casing: Air Force’s station in Trinidad, and 
at Moorestown, N. J. 

From the information available, one point stands out. The U.S. net 
to detect satellites apparently is not very good, considering that the 
Russians say they launched their manned capsule at 1:07 a.m. EST. 


A FEDERAL program to electronically survey the world oceans has been 
started. A Coast and Geodetic Survey vessel has started a five-month 
test operation on equipment and techniques in the Pacific Ocean. 

The ship will traverse a 130-mile wide by 2,000-mile long sector of the 
Pacific in parallel routes 10 miles apart between Alaska and Hawaii, 
continuously surveying the area. Once this job is completed, additional 
data will be collected at specific points. 

Following the test operations, an evaluation of the surveying method 
will be made. Then, a systematic survey of the oceans will be started. 
Right now, less than 2 percent of the oceans are surveyed, yet they 
comprise seven-tenths of the world’s surface. The total job is expected 
to take several years. 
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Piercing the plasma sheath... 
When ICBMs, satellites or space probes re-enter the earth’s atmosphere, 
is so intense that air surrounding the vehicle beco 
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‘‘pnlasma sheath.”’ 
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Airborne re-entry tracking team of Avco’s 
RAD Division monitor an Avco Mark 4 
re-entry vehicle launched by Titan ICBM. 
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INLAND d-c torque motors 
save critical weight 
in guidance systems 





Norden Miniature All-Attitude Inertial Plat- 
form uses four Inland torque motors, one for 
each gimbal axis. 

Norden specifies these Inland d-c torque 
motors because of their compact pancake 
shape, low-power input and direct torquing. 
In addition to providing the obvious weight 
and space reduction, Inland’s direct drive 
positioning eliminates gear train problems 
such as backlash. 

Norden engineers say, ‘The linearity of 
the Inland torquers is excellent over a wide 
range so that precession rates may be ac- 
curately established. The torquer fixed field 
is carefully stabilized so that the torquer 
gradients will be constant over long periods 
of time.” 

Inland d-c pancake torque motors with 
high torque-to-inertia ratios and linearity 
of output provide all the advantages of 
direct gearless servo positioning in a com- 
plete line over the full range of 0.1 to 3,000 
pound-feet. 


COMPARE THESE TYPICAL INLAND TORQUER RATINGS 





Peak torque, oz. in 


Total friction, oz. in 


Weight, oz 





Wh 


Volts at peak torque, stalled at 250°C 
Amps at peak torque 


Rotor Inertia, oz. in sec? 
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T-1321-A T-2136-A 




















For complete catalog with engineering data, outline drawings and specifi- 
cations on these and other Inland d-c pancake torquers, write Inland 
Motor Corporation of Virginia, Northampton, Massachusetts. Dept. 12-4 


INLAND MOTOR ¢r*vircinia 


A SUBSIDIARY OF KOLLMORGEN CORPORATION 
NORTHAMPTON, MASS. 
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Something’s come 











It’s Eimac’s new 4CX3000A... the tet- 
rode that fills the power gap between 
Eimac’s 1KW and 5KW tetrodes by 
providing plate dissipation of 3K W! It’s 
ideal for Class AB: SSB rf amplifiers 
or other high linearity, high efficiency 
applications with low drive require- 
ments. And a breech block socket 
maintains the excellent isolation 
already built into,the tube. You’ll find 
both tube and socket at Eimac, plus 
the most complete line of tetrodes 
anywhere. For more technical data, 
write: Marketing, Power Saree 
Grid Tube Division, 
Eitel-McCullough, Inc., 

San Carlos, California. 


between us! 
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Kwajalein Girds for Early Nike Zeus 


KWAJALEIN, M. I.—Brick-and-mor- 
tar phase of the Army’s Nike Zeus 
test site here is nearing comple- 
tion, and installation of electronic 
gear is being rushed. First attempt 
by the 47-ft, 11-ton, 3-stage missile 
to intercept one of 18 Army-pur- 
chased Atlases to be fired 4,500 
miles from Vandenberg Air Force 
Base is scheduled for early ’62. 
Sometime earlier Zeus will test it- 
self against 5,400-mph target rock- 
ets launched from Roi-Namur 
Island, 47 miles to the northwest. 
This latter test program is dubbed 
Speedball, and will use a two-stage 
version of Zeus for targets. 

A total of $889 million has been 
committed to the Zeus program to 
date, of which $750 million repre- 
sents R&D, and $90 million has 
been ear-marked for construction 
at Kwajalein, White Sands and sup- 


porting sites. Work presently un- 
der contract is now about three- 
fourths complete. Preproduction 
planning funds accounted for $49 
million. 

Four different types of radar in- 
stallations are required for Zeus: 
acquisition, which searches for and 
acquires incoming objects; discrim- 
ination, which informs the system 
which objects are warheads and 
which are missile fragments and 
decoys; target track, which sup- 
plies precise data to generate a 
solution for interception; and mis- 
sile track, which follows Zeus and 
supplies information for guidance. 

Heart of the Zeus system is the 
ultrahigh-speed target intercept 
computer that ties together the ra- 
dar and missile launching equip- 
ment and automatically sequences 
the operation of each. Thousands 


of buffer amplifier modules, each 
using four transistors and several 
carbon-deposited resistors, com- 
prise the bulk of electronics in the 
computer. Twistors are used for 
permanent memory units and make 
possible extremely fast access and 
computation times. Automatically 
wound _ solder-free connections, 
many with gold-plated contacts, 
are used throughout. Data acqui- 
sition time is about 2.8 microsec. 

Millions of cubic miles of space 
will be scanned by the powerful 
Zeus Acquisition Radar (ZAR). 
Its horizontal triangular antenna, 
consisting of three arrays each 80 
feet in length, is atop the three- 
story reinforced concrete transmit- 
ter building. The antenna rotates 
at 10 rpm. Ball bearing for the 
rotating portion are 114 3-inch 
steel spheres. Outer surfaces of 


Overall view shows part of Army’s Nike Zeus project on Kwajalein. Inset: Zeus acquisition radar there. Scaffolding 
is for installing polystyrene cubes within protective Nylon sphere to make up Luneberg lens 
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Antimissile Tests 


the concrete structure are treated 
with an asphalt derivative and cov- 
ered with Terne metal, steel coated 
with tin and lead alloy, as an r-f 
shield. 

An indication of the transmit- 
ter’s multimegawatt power is seen 
in the need to erect a $347,000, 62- 
ft-high steel mesh fence around 
the area to protect personnel from 
r-f radiation. This shielding fence, 
340 ft in radius, also helps shape 
the radar beam and prevent ground 
clutter. Access to the transmitter 
building from outside the fence is 
through a corrugated steel arch 
tunnel—another personnel protec- 
tion measure. 

Six 1,100-lb Varian klystrons 
power the transmitter, and 50 cab- 
inets of electronic gear in a nearby 
control room handle r-f switching 
and tuning; d-c power for the kly- 
strons comes from multiple banks 
of 52 large capacitors each. 

The 102-ft-high hemispherical 
receiving antenna is 1,100 ft away. 
It rotates in synchronization with 
the transmitter antenna. It consists 
of a large Luneberg lens with many 
independent monopulse receivers in 
three horn towers matched to the 
three parabolic sections of the 
transmitter. 

The lens uses 34,484 two-ft poly- 
styrene expanded foam cubes, and 
its 2,800,000 pounds rotate on a 
large thrust bearing. The lens acts 
much like a huge magnifying glass, 
focusing the returning radar sig- 
nal and concentrating it at a detec- 
tor. Tiny strings of metal impreg- 
nated throughout the plastic foam 
in a precise composition attain the 
desired dielectric constant for 
focusing. 

Covering two acres of ground 
adjacent to the receiver antenna is 
a 32-ft high structural-steel-and- 
steel-mesh ground plane that re- 
flects and shapes incoming radar 
signals. Closely regulated power 
for ZAR is supplied from nine 
1,500-Kw diesel engine generators. 

Perhaps the most controversial 
link of the system is the Zeus Dis- 
crimination Radar. All military 
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and contractor personnel concerned 
with this secrecy-shrouded device 
seem confident that the problem of 
differentiating between decoys and 
actual ICBM warheads has been 
solved, but additional research in 
identification techniques is being 
pushed. 

After the discrimination radar 
has sorted out a target, the needle- 
beamed target-track radar locks on 
and for the next ten seconds or so 
establishes the trajectory of the 
warhead. A 25-ft Cassegranian re- 
flector, surrounded by a 47-ft in- 
flatable radome, is raised and 
lowered by a 50-ft vertical hy- 
draulic hoist. 

Three smaller Missile Track Ra- 
dars are being installed in a single 
concrete structure on the 602-acre 
island. Each will be assigned to 
a Zeus missile, and will track it 
from launch to intercept. 

Associated closely with the Nike 
Zeus program and more particu- 
larly with its discrimination radar 
is Project Press (Pacific Range 
Electromagnetic Signature Stud- 
ies) on nearby Roi-Namur Island. 
A part of ARPA’s Project Defender 
established for researching ballis- 
tic missile defense, Press will 
investigate the flight of ballistic 
missiles from midcourse through 
reentry. Aim is to determine physi- 
cal differences between ICBM re- 
entry vehicles and decoys from 
which identification can be made, 
and to test methods of discrimi- 
nation. Press will use target mis- 
siles and communications provided 
by the Zeus program on Kwajalein. 

Tradex two-frequency (UHF and 
L-Band) radar being built by RCA 
is scheduled for emplacement at 
the Roi-Namur Press site in late 
1961. Optical and infrared meas- 
urements will be made by Eni- 
wetok-based planes and _instru- 
mentation already operational. 
Scientific direction of Project Press 
will be furnished by MIT’s Lincoln 
Lab. 

Press’ power plant houses seven 
1,500-Kw diesel generators, will 
cost $1,800,000 when completed, and 
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has switching to provide precise or 
nonprecise power as required. 

During initial tests, Kwajalein 
will be linked to a point-to-point 
radio-transmitter-receiver site in 
Honolulu, then by military radio 
channels and by a leased commercial 
submarine cable with the mainland. 
The communications network will 
be able to carry two voice and 16 
teleprinter channels. 

Because of the high r-f interfer- 
ence expected on Kwajalein, all 
long-distance radio communication, 
both voice and telemetry, is being 
moved to nearby islands in the atoll. 
Connection to the main island is 
by underwater cable. The island 
of Ennylabegan has been desig- 
nated as a passive area, and will 
shortly be the site of all receiving 
equipment. Work is proceeding on 
transmission facilities on tiny 
Gugeegue Island, the active area. 
Each island has its own diesel 
power station. 

Scheduled tests of Zeus call for 
no warheads on either the Atlas 
targets or the intercepting missiles. 
Success or failure of intercept will 
be recorded by electronic miss-dis- 
tance indicators. 


Japanese Company Makes 
Pushbutton Phone Device 


TOKYO—Pushbutton device for tele- 
phone dialing went on the market 
here this week. The unit, manu- 
factured by Toshiba, has 29 cir- 
cuits of 10 digits each. A red light 
turns on when a call is made. A 
built-in loudspeaker indicates 
whether the number being called 
is busy. 

In case of a busy signal, the de- 
vice can be set to place the call 
automatically five times, once every 
25 seconds. During this period, 
however, the telephone can receive 
calls coming in. 

If a wrong button is pressed, a 
special button will cancel the call. 
Conversations can be broadcast 
over built-in loudspeaker. The de- 
vice retails in Tokyo for $161.10. 
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Chemical Firms Push Organic Research 


As Ticket to Semiconductor Market 


CHICAGO—Several chemical 
are putting money on organic 
semiconductors as a “long-shot” 
ticket to a lucrative share of the 
huge electronic components market. 
This notice was served by James 
F. Bourland, General Manager of 
the Central Research division, 
American Cyanamid at the Inter- 
Industry Conference on Organic 
Semiconductors held here this 
week. The conference was cospon- 
sored by ELECTRONICS and the Ar- 
mour Research Foundation. 

Dr. Bourland told the conference 
that chemical company manage- 
ment interested in organic 
semiconductors because of the 
wide-open character of the field 
and because the chemical industry 
can apply its own special compe- 
tence in this area. 

“In an area where so little is 
known,” Bourland said, “there fre- 
quently lies opportunity for the 
early explorers. Secondly, for a 
chemical company heavy in syn- 
thesis experience, this route seems 
to present a more rational approach 
to the field of molecular electronics, 
and one which gives it a more even 
chance of competing against com- 
panies already highly sophisticated 
in electronic theory.” 

Bourland defined an _ organic 
semiconductor as a material con- 
taining a significant proportion of 
carbon-to-carbon linkages, and pro- 
duced by chemical synthesis rather 
than metallurgical procedures. In 
addition, the conductivity must oc- 
cur by a process involving an elec- 
tronic rather than ionic mechanism. 

Bourland characterized the pres- 
ent state of organic semiconductor 
science as being comparable to 
that of inorganic semiconductor 
materials in the 1930’s. He looks 
for more rapid progress, however, 
because of the broad base of un- 
derstanding in the fields of molecu- 
lar structure and solid-state phys- 
ics and chemistry that has been 
achieved in recent years. 

Lack of understanding of the 
conduction mechanism in organic 
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was 


22 


substances is the chief barrier to 
advancement, he noted. In addition 
the engineering problems in pro- 
ducing electronic devices may 
prove formidable. But optimisti- 
cally, Bourland declared, “Although 
physical problems of this sort are 
new to our staff, we find that their 
competence in this field has in- 
creased rapidly. Thus, rather than 
‘buying new talent’ we are develop- 
ing it within our own organization. 
When a breakthrough comes, we 
should be well prepared to capital- 
ize on it.” 

Bourland went on to list the pos- 
sible advantages of organic semi- 
conductors: 

¢e Possibilities of synthesizing a 
large variety of tailor-made devices 
for which inorganic materials are 
inherently unsuited. 

e Overcoming the inherent in- 
flexibility of raw material supply 
as one of the major problems in 
inorganic semiconductors. 

¢ Low thermal conductivity, char- 


acteristic of most organics, will 
overcome an important limitation 
of conventional semiconductors, 

eSimplified fabrication tech- 
niques due to plastic properties of 
organics could result in films, fila- 
ments and molded shapes as semi- 
conductor components. 


See Television Price War 
In Japan Receiver Mart 


TOKYO—tTelevision receiver price 
war in Japan is predicted by ob- 
servers here as mounting inven- 
tories of black and white sets be- 
gin to drag down prices. 

It’s expected the domestic mar- 
ket here will be flooded with 
40,000-Yen ($111) sets by Summer 
because the yearly output of sets 
by then will reach 3,800,000, as 
compared with a demand of 2,- 
500,000. 

Tokyo observers say the major- 
ity of Japanese manufacturers are 
giving serious thought to market- 
ing $100 sets to bring more sales 
volume within buying range of 
more Japanese families and thus 
reduce the margin between produc- 
tion and demand. 

Price war on color sets is termed 


New Eye for Cathode Ray Display 


Miniature ert display device by Westinghouse allows telescope-type view- 
ing of radar and tv data. It uses a 0.60-in tube, costs $150 
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“inevitable” by some Tokyo sources 
who predict a landslide of price 
cutting. Toshiba introduced a low- 
price color set late last month by 
dropping consumer cost 10 percent 
to $1,333 for its 21-in. model, and 
cutting the 17-in. unit by 40 per- 
cent to $950. Other manufacturers 
such as Hitachi, Sanyo, Hayakawa 
and Matsushita are expected to fol- 
low suit. 

In 1960, Japan produced 5,192 
color sets—3,221 were 21-in. and 
the remainder 19-ins. 


Swedes, Swiss to Install 
U.S. Air Doppler Radar 


STOCKHOLM — Scandinavian Aijr- 
lines System here and Swissair 
headquartered in Zurich, Switzer- 
land, have adopted Bendix doppler 
radar navigation systems for their 
Douglas DC-8 and Convair CV-990 
jet aircraft. Both airlines plan 
fleetwide installations and are mak- 
ing provision for dual installation 
on all aircraft. 

The installations will include the 
radar gear to determine true 
ground speed and wind drift angle 
and computer equipment to com- 
bine the radar data with heading 
information to give course and 
distance information. 

The Bendix equipment, in use by 
several U.S. airlines, is also aboard 
NATO’s Fiat G.91 Light Strike 
fighters. 


Britain’s Air Ministry 
Orders U.S. Equipment 


LONDON—British Ministry of Avia- 
tion has received initial deliveries 
on a $1,008,990 order for airborne 
high frequency single sideband 
communications systems from Col- 
lins Radio. 

The HF-103 systems which in- 
clude a transceiver, control and 
shockmount will be used aboard 
RAF Argosy C.1. turboprop mili- 
tary transport aircraft. The radio 
gear provides long and short-range 
communications. The transceiver 
operates in the 2-30 Mc range on 
~8,000 directly selectable channels. 

The Argosy C.1. is a ramp-load- 
ing plane with “beaver tail” rear 
doors for air dropping freight. 
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in telemetry systems management 


The ascendant position of Vitro Electronics in telemetry systems manage- 
ment and products stems from the facilities, experience, and talent it 
takes to produce on time. Vitro telemetry capability is demonstrated 
daily down the AMR and PMR ranges. Management versatility is reflected 
in our ground, mobile, shipboard, airborne, and space operations around 
the globe. = This specialty of Vitro’s trusted electronic competence is 
founded on long and familiar experience in the functions of telemetry 
conception, design, engineering, procurement, production, testing, and 
installation. Where the utmost in exacting telemetry systems performance 
is demanded — Vitro is at work. 

Outstanding opportunities for telemetry systems, RF and advanced development engineers. 


VITO ELECTRONICS DIVISION OF VITRO CORPORATION OF AMERICA 


prooucers or IT HIM S-CLARE SE cauiement 
919 JESUP-BLAIR DRIVE, SILVER SPRING, MARYLAND / 2301 PONTIUS AVENUE, LOS ANGELES 64, CALIFORNIA 


See VITRO exhibits at National Telemetering Conference, Booths TH81, TH82, Sheraton Towers, 
Chicago ... and at AFCEA Show, Booths 71, 72, Sheraton Park Hotel, Washington, D. C. 
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USAF to Get Automatic Data Acquisition Net 


ROME AIR DEVELOPMENT CENTER, 
N. Y.—Plans to automate the sys- 
tem that acquires information from 
USAF’s far-flung command head- 
quarters and transmits it to 
USAF’s command post in the 
Pentagon got the go-ahead last 
week from the Air Council—a 
group made up of chiefs of staff 
from the various Air Force com- 
mands. 

Next step comes early in May 
when the Defense Department will 
be briefed on the system and asked 
for formal approval to invite in- 
dustry to bid on procurement con- 
tracts. 

Designated the 473-L, USAF’s 
Command and Control system will 
automatically provide the Air 
Force high command in the Penta- 
gon with immediate information 
on Air Force resources. 

Instant data on personnel, sup- 
plies, status of base facilities and 
other logistical information will fa- 
cilitate effective management of 
the Air Force deterrent strength, 
according to Major Allen A. Mas- 
ters. He is lead system engineer 
for the 473-L at this center, where 
the system concept was developed. 

Data sources for the system in- 
clude 15 command headquarters in 
the U. S. and overseas (only three 
are represented in the block dia- 
gram above). Input at many of the 
headquarters will come directly 
from computers. 

’ From the Strategic Air Com- 
mand, for example, input to the 
473-L system comes from com- 
puters in the underground combat 
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control system center (465-L) at 
Offutt AFB, Neb. (ELECTRONICS, 
p 36, Mar. 25, 1960). 

Data are fed directly from the 
SAC computer to a 473-L input/ 
output device. Output from the I/O 
is translated in the data terminal 
to the word format for transmis- 
sion over USAF’s world-wide com- 
munications network (480-L) to 
the Pentagon. 

Received by the Pentagon’s data 
terminal, the input is translated 
into the format of the receiving 
station, then passed on to the 
input/output device, to data proc- 
essing and on to display (see block 
diagram above). 

Going from one data processing 
system center to another has re- 
quired careful interfacing of the 
two systems, ELECTRONICS learned 
from Ernest N. Storrs, technical 
director of operations for RADC. 

For data sources without elab- 
orate systems like SAC’s 465-L, 
message composers will convert 
messages into machine language 
and transmit it directly to the 
473-L computer in the Pentagon. 

Industry’s participation in the 
program to date consists of R&D 
contract work done by IBM for 
analysis of equipment perform- 
ance, human engineering, methods 
and procedures and reliability of 
the system. A $400,000 continua- 
tion contract to IBM was an- 
nounced last week. 

Contracts for procurement of 
hardware—to be awarded over the 
next six months—will reach close 
to $20 million. USAF, which will 


act as weapon system manager, 
will buy gear and services associ- 
ated with the subsystems shown 
above; input/output devices, data 
terminals, data processing, display, 
programming and systems _inte- 
grator. 

Though actual transmission from 
data source to the Pentagon will 
utilize the already-existing 480-L 
communications system, 480-L will 
probably have to be beefed up to 
handle the new traffic. 

Contracts, to be awarded by the 
Electronics Systems Division, Hans- 
com AFB, Mass., will. specify off- 
the-shelf hardware, or at least al- 
ready-developed gear that has been 
successfully manufactured. 


Argentina Forms 
New Radio/Tv Agency 


BUENOS AIRES—Details on Argen- 
tina’s recently formed National Ra- 
dio and Television Commission 
show promise of more attention to 
spectrum use in this country. 

Among the Commission’s prime 
tasks will be: draw up basic regu- 
lations on its own operation for 
presidential approval; supervise 
radio and tv channel allocations; 
formulate supervisory regulations 
for radio and tv broadcasting. 

Chairman of the new Commis- 
sion will be a representative of the 
president. Other members will in- 
clude the Director General of Ra- 
dio Broadcasting Activities, the 
Supervisor of Commercial Radio 
and Tv Broadcasting. 
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TEAMWORK IN PLANNING: Hallicrafters 
*“‘BLUE STREAK” Teams support military 
programming groups for SAC aircraft at 
OCAMA and other materiel commands. 














TEAMWORK IN INSTALLATION: Advanced 
ECM equipments are installed by “BLUE 
Every breakthrough in military electronic equipment STREAK”-SAC teams with a minimum of 


down time. Maintenance and operational 

design creates new, complex and urgent problems training is speeded up, too. 
in installation, modification, testing, maintenance 
and personnel training. Hallicrafters radical new 
“Blue Streak’’project—utilizing quick-reaction 
techniques—offers experienced Hallicrafters support 
teams to assist key military personnel . . . pinpoints 
problems in advance . . . solves them on the 
spot with new levels of speed and economy. 


TEAMWORK IN MODIFICATION: Moderni- 
zation of RF transmission systems com- 
pleted in 30% less time through “BLUE 
STREAK" team assistance to base mainte- 
nance groups. 


TEAMWORK IN MAINTENANCE: Hallicrafters 
mobile test vans and in-house repair of black 
boxes sets new standards in speed and relia- 


bility. 


...A hard-hitting new striking force 
Sor electronic technical support 


hallicrafters d blue streak project 


For further information on Hallicrafters facilities and experience in military electronics research, develop- 


ment and production, please write to: THE HALLICRAFTERS CO., MILITARY ELECTRONICS DIVISION, 
CHICAGO 24, ILLINOIS. 





LOOKING FOR A CHALLENGING OPPOR- 
TUNITY? 

For this expanding program, we 
have openings for qualified aero- 
nautical electronic equipment sys- 
tems and installation engineers. For 
full details in confidence, contact 
William F. Frankart, Director of 
Engineering. 


HALLICRAFTERS REGIONAL SALES ENGINEERS 


William E. Peugh—Joseph A. Small Earl L. Giffin Thomas H Pretorius 

4401 W. Sth Avenue, Chicago 24, Ill. Box 568, Far Hills Br., 7558 S.E. 15th St., 

VAn buren 6-6300 Dayton 9, O. Oklahoma City, Okla. 
AXminster 8-5239 PErshing 7-2456 

H. Kenneth Hudson 

626 Lakev 


jew Dr., Falls Church, Va. James R. Spencer Merle J. Long 
CLearbrook 6-4978 Box 435, Lincroft, N.J, 513 E. Manchester Bivd., Suite 201, 
SHadyside 7-2369 Inglewood 1, Calif. 
(Red Bank, N.J.) ORchard 2-6861 
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MODEL 500 
INTERFERENCE LOCATOR 
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This versatile instrument is a 
highly sensitive interference lo- 
cator—with the widest frequency 
range of any standard available 
unit! Model 500 tunes across the 
entire standard and FM broad- 
cast, shortwave, and VHF-TV 
spectrums from 550 kc. to 220 
me, in 6 bands. 

It's a compact, portable, rug- 
ged, versatile instrument—engi- 
neered and designed for most 
efficient operation in practical 
field use, It features a transistor- 
ized power supply, meter indi- 
cations proportional to carrier 
strength as well as sensitivity of 
5 microvolts minimum for 5% 
meter deflection over entire tun- 
ing range. 

For full details, send for bro- 
chure IL-106, 


SPRAGUE ELECTRIC COMPANY 


35 Marshall Street, North Adams, Mass. 
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Space Radio Needs Being Probed 


SPACE COMMUNICATIONS frequency 
allocations problems will come in 
for additional consideration this 
Spring. 

Attempts to decide on frequen- 
cies for communication between 
earth and orbiting satellites are 
being made against a background 
of conflicting opinions. Virtually 
all major nations are interested in 
seeing satellite communications 
systems in operation, but a number 
of areas of disagreement remain to 
be resolved. 

Among these are: 

eLack of international 
ment on frequencies 

eLack of internal agreement 
within nations by present spectrum 
users 

¢ Differences of technical opinion 
on most suitable frequencies 

-Manufacturers are watching the 
situation to see how the outcome 
will affect their markets. 

At the international level, the 
subject of frequencies for earth/ 
satellite communications systems 
was raised in 1959 by the Interna- 
tional Telecommunications Union 
at the Administrative Radio Con- 
ference in Geneva. About the only 
concrete result was allocation of a 
few research-only slots between 
1,000 and 10,000 Mc. 

Adding to the Geneva complica- 
tions was East-West disagreement. 
Soviet and Czech authorities said 
there was inadequate technical data 
to justify any allocations above 
200 Me. French-British-U. S. stand 
was that a number of allocations 
should be made throughout the 
spectrum for earth/satellite use. 
The one point of agreement was 
that further consideration of earth/ 
satellite communications should 
be given when the group meets 
again in 1963. 

In response to inquiries by the 
Office of Civil and Defense Mobili- 
zation over a dozen federal entities 
have already commented and indi- 
cated their estimated frequency re- 
quirements. The total indicated 
need would come to more than twice 
the amount of spectrum space be- 
tween 1,000 and 10,000 Mc that is 
likely to be available to government 
users. 


agree- 


Among those commenting were 
Department of Defense, NASA, 
Atomic Energy Commission, De- 
partments of Labor, Treasury and 
Post Office, National Academy of 
Science, U.S. Information Agency. 

Nongovernment parties _inter- 
ested in earth/satellite communica- 
tions have been working primarily 
through the Federal Communica- 
tions Commission to make their 
views known. Comment falls into 
two categories: views on how best 
to establish a satellite communica- 
tions system and views expressing 
caution against attempts to share 
frequencies among point-to-point 
microwave installations and earth/ 
satellite systems. Some commenta- 
tors feel that the best frequencies 
for earth/satellite systems include 
some now being used by common 
carriers and private link system 
operators. 

Despite conflicting views, the 
Commission is seeking to gather 
opinions on the subject. Among its 
latest action has been a _ request 
for comment on the following: 

“Under what conditions can fre- 
quency bands for space communica- 
tions be shared with other services, 
(a) passive relays, (b) active re- 
lays, (c) space systems and func- 
tions? 

Thus far, no comment on the re- 


Studies Jet Stream 


Air force shares tv tower with sta- 
tions WFAA and KRLD, Cedar 
Hill, Tex., calls it tallest weather 
research structure. It has 12 plat- 
forms for instruments 
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plies has been announced by FCC. 

Proposals for satellite communi- 
cations systems have been made by 
a number of companies. AT&T 
plans involve up to 50 satellites at 
altitudes of 2,000 to 8,000 miles. 
Frequencies mentioned are in the 
6,325 to 6,425-Mc region for satel- 
lite-to-ground transmissions and 
4,100 to 4,200 Mc for the return 
trip. Radio Corp. of America has 
disclosed plans for a three-satellite 
system using frequencies in the 
800-10,000-Mc region at altitudes 
of 22,000 miles. General Electric 
spokesmen have mentioned a ten- 
satellite system at 6,000 miles alti- 
tude, but have not specified any 
frequencies. Hughes Aircraft rec- 
ommends limited use of frequencies 
below 500 Mc as well as frequencies 
in the 2,000-Mc region for satellite 
to ground, 475 Mc for ground to 
satellite. Aeronautical Radio, Inc. 
has mentioned frequencies in the 
1,535 to 1,660-Mc region. 

National Aeronautics and Space 
Administration, presently working 
to orbit its communication satellite, 
project Relay, plans on 2,200-2,300 
Mc and 3,800-4,200 Mc for satellite 
to ground, and 500 Me and 5,925- 
6,425 Mc for ground-to-satellite 
transmission. 

Under discussion is the question 
of whether the communications 
system, once established, should be 
operated by the government or by 
private interests. AT&T has al- 
ready made known its willingness 
to operate the system. Other com- 
panies including Radio Corp. of 
America, Lockheed Aircraft and 
General Telephone and Electronics, 
which have teamed together, are on 
record against one-company opera- 
tion. 


Radioisotope Pills 
For Family Physicians 


RADIOISOTOPES will be used in pill 
form by the future family physi- 
cian for routine and scientifically 
accurate diagnosis, says Willard F. 
Libbey of UCLA. Atomic power, 
he says, can supply enough energy 
to allow the world’s population to 
increase at its present rate for an- 
other 500 years. Isotopes will pro- 
vide more effective fertilizer, new 
plant strains, and improved pest 
control for agriculture. 
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Special Engineering 
Section Maintained 
for Design and 
Development of 


PULSE-FORMING 
NETWORK 
ENGINEERING 


| this door, the Sprague Electric 

Company, North Adams, Massachu- 
setts, maintains a highly-technical special 
engineering section devoted exclusively 
to the design, development, and manu- 
facture of pulse capacitors and pulse- 
forming networks. The many complex- 
ities of these highly-specialized units 
demand that they be handled by a 
highly-specialized organization. For 
this reason, Sprague has been, from the 
very beginning, a major supplier of 
pulse capacitors and networks for radar 
equipment (ground, marine, aircraft, 
missile), tube testing, and similar pulse 
circuit applications. 

This special engineering section per- 
forms four important functions: One 
group designs custom units in accordance 
with required parameters. Another group 
builds pulse capacitors and networks to 
these precise specifications. In another 
area, a group of specially-trained field 
engineers provides application assistance 
wherever needed. And yet another inde- 
pendent group works toward the future 
developing new materials, new design 
concepts, and new techniques for man- 
ufacture, enabling Sprague to introduce 
product improvements such as heliarc 
sealing of cases, rugged alumina bushing 
assemblies, Fabmika® dielectric, and 
improved hermetic sealing of closures. 








Save time and money by working 
with Sprague from the start. Application 
engineering services are available to you 
without obligation. 

Write for Engineering Bulletin No. 
10,001 to Technical Literature Section, 
Sprague Electric Co., 35 Marshall 
Street, North Adams, Massachusetts, 
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Now! super-speed 
MADT 


‘TRANSISTORS 


Pulse-forming Networks | 








...at sensible prices 


and fast deliveries! 


Sprague Germanium Micro-Alloy 
Diffused-Base Transistors are priced 
below other transistors with com- 
parable electrical characteristics. 
Perfected mass production tech- 
niques enable shipment of quantity 
orders on short notice. Add to this 
their dependable vhf performance, 
and you have three good reasons 
why Sprague MADT Transistors 
have achieved their high level of 
acceptance. 

These ultra-fast transistors now 
permit circuits in vhf amplifiers and 
oscillators to operate with collector 
currents to 50 ma... with power 
dissipation to 50 mw . . . with col- 
lector-to-base voltages to 15 v. 

For complete engineering data on 
the types in which you are inter- 
ested, write to Technical Literature 
Section, Sprague Electric Company, 
35 Marshall Street, North Adams, 
Massachusetts. 


You can get off-the-shelf delivery 
at factory prices on pilot quantities up 


to 999 pieces from your local Sprague 
Industrial Distributor. 


SPRAGUE 


THE MARK OF RELIABILITY 
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The NLS V60 Digital Millivoltmeter is designed for a wide range of scientific, industrial and military applications including strain gage 
and thermocouple measurements, calibrating millivolt devices, process monitoring, and semiconductor research and testing. 


Make precise millivolt measurements at a glance... 
aboard ship, in the lab, or on the production line 


Here is a new, faster, more precise way to make low-level 
DC voltage measurements. The NLS V60 full 4-digit milli- 
voltmeter makes 80 measurements per minute, average. 
It features +0.01% precision (ability to repeat readings within 
close limits) — unattainable from pointer meters, strip chart 
recorders or combination of a digital voltmeter and preampli- 
fier. Accuracy of the V60 is +0.1% of reading or +10 micro- 
volts, whichever quantity is greater. 

A span (scale factor) control allows you to set the V60 to dis- 
play its reading directly in units of pressure, weight, length, 
strain, stress, speed, etc. And because the V60 is a digital 
voltmeter, you can read it at a glance from close or afar in 


non-linear systems, inc. 


DEL MAR, CALIFORNIA 


total darkness or sunlight, without parallax error. 

Other features include: very high AC and DC common mode 
rejection . . . retention of accuracy under adverse conditions 
... range of +99.99 mv. full scale . . . plug-in stepping 
switches . . . high input impedance. . . precise internal volt- 
age reference .. . filter to attenuate input signal noise... 


full floating, ground isolated input circuit. 


V60 complete $1,625 


Originator of the Digital Voltmeter 
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See it in Action... 


For a demonstration of the new V60 
millivoltmeter or any digital measuring 
instrument, call any of the following 
NLS offices or sales representatives. If 
you prefer, please contact NLS for ad- 





ditional information. 


Northeast 

NLS Division Office 
Garden City, 

Long Island, N. Y. 
Pioneer 7-6222 
NLS District Office 
Nutley, New Jersey 
NOrth 1-1228 or 
BRyant 9-7999 
Howard J. Shuft Co. 
Newtonville, Mass. 
LAsell 7-5304 


Middle Atlantic 

NLS Division Offic 
Haddonfield, N. J. 
HAzel 8-1663 

SBM Associates, Inc. 
Rochester, New York 
OLympic 4-8440 
SBM Associates, Inc. 
Utica, New York 
REdwood 2-4410 
SBM Associates, Inc. 
Binghamton, New York 
RAymond 2-2648 
SBM Associates, Inc. 
Syracuse, New York 
HOward 8-5041 


Southeast 

NLS Division Office 
Washington, D. C. 
FEderal 7-4315 

W. A. Brown & Assoc. 
Indian River City, Fla. 
AMherst 7-0411 

W. A. Brown & Assoc. 
Orlando, Fla. 

GArden 5-5682 

W. A. Brown & Assoc. 
Huntsville, Alabama 
JEfferson 6-8393 

W. A. Brown & Assoc. 
Winston-Salem, N. C. 
PArk 5-5384 

W. A. Brown & Assoc. 
Alexandria, Virginia 
TEmple 6-1800 


Midwest 

NLS Division Office 

Chicago, Illinois 

TUxedo 9-1277 

Ohio Instrument Co. 

Dayton, Ohio 

CHapel 4-2744 

Engineering Services 
Company 

St. Louis, Missouri 

PArkview 6-2233 

Engineering Services 
Company 

Kansas City, Missouri 

JEfferson 1-7765 

Engineering Services 
Company 

Wichita, Kansas 

MUrray 3-3751 

Engineering Services Co. 

Cedar Rapids, lowa 

EMpire 5-6183 


Gaine Engineering Co, 
Detroit, a” 
FOrrest 6-535. 


Mountain and 
Southwest 

NLS Division Office 

Denver, Colorado 

PEar! 3-3787 

NLS Division Office 

Dallas, Texas 

Fleetwood 1-5240 

Burt Porter Company 

Seattle, Washington 

EAst 3-8330 

Burt Porter Company 

Portiand, Oregon 

ATlantic 4-1718 

Brooks, Feeger & Assocg 

Albuquerque, N. M. 

AMherst 8-1724 

Brooks, Feeger & Assoc, 

Englewood, Colorado 

SUnset 1-7375 

Brooks, Feeger & Assoc. 

Scottsdale, Arizona 

WHitney 6-2111 

Brooks, Feeger & Assoc. 

Salt Lake City, Utah 

Elgin 9-2427 

Mitchell Speairs Co. 

Fort Worth, Texas 

WAlnut 3-4657 

Mitchell Speairs Co. 

Houston, Texas 

MAdison 3-4112 

Mitchell Speairs Co. 

Dallas, Texas 

ANdrew 2-6466 


Pacific 

NLS Division Office 
South Pasadena, Calif. 
MUrray 2-3705 

C. W. Maudlin Co. 
Palo Alto, California 
DAvenport 6-5291 
Burt Porter Company 
Seattle, Washington 
EAst 3-8330 

Burt Porter Company 
Portland, Oregon 
ATiantic 4-1718 


Canada 

Aeromotive Engineering 
Products, Ltd. 

147 Hymus Bivd. 

Point Claire, Quebec 

OX 7-0810 (Montreal) 

Aeromotive Engineering 
Products, Ltd 

1912-A Avenue RD. 

Toronto, Ontario 

RU 3-4288 


Export, Excluding 
Canada 

Frazer & Hansen, Ltd. 

301 Clay St., 

San Francisco, Calif. 

EXbrook 2-5112 


Originator of the Digital Voltmeter 


non-linear systems, inc. 
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ACADEMICALLY SPEAKING 





Combines Engineering Departments 


CREATION of an engineering divi- 
sion to replace all present engineer- 
ing departments at Case Institute 
of Technology starting July 1 was 
recently announced by T. Keith 
Glennan, president. 

Three reasons for the change 
were cited by Glennan: 

First, the recognition that tradi- 
tional departmental structure is no 
longer a valid foundation for build- 
ing an engineering education pro- 
gram that prepares men for 
responsible positions in industry, 
government, and education. 

Secondly, a flexible organization 
replaces a rigid one so as to swiftly 
anticipate engineering educational 
requirements. 

Finally, the student can more 
easily satisfy varied interests. 


GRADUATE students in the depart- 
ment of electrical engineering at 
the University of California have 
been doubling in number every 
four years since 1953. During this 
time, undergraduates have been 
doubling every ten years. These 
conclusions are based on a study by 
the department on trends in elec- 
trical engineering enrollment over 
the past 15 years. 


ELECTRONIC INSTRUMENTATION is 
the name given an interdisciplinary 
teaching and research program by 
the electrical engineering and life 
science departments at the Uni- 
versity of Arizona. Starting this 
fall and open only to life science 
grad students and senior  pre- 
medicos, the program is intended to 
give a fuller understanding of 
possibilities and limitations of elec- 
tronic equipment in medical elec- 
tronics. 

According to Stewart Becker, 
professor of electrical engineering, 
students will benefit by gaining 
confidence in setting up an instru- 
mentation system for obtaining 
desired information in their re- 
search. Interdisciplinary coopera- 
tion in research is also a goal. 


APPLICATION of digital and analog 
computers will be the subject of a 


course to be required of sopho- 
mores at the Lawrence Institute of 
Technology. Work will cover nu- 
merical analysis, programming, 
coding, and computer operation. The 
basic course will be preparatory to 
later applications in: differential 
equations in which course work will 
require the programming of one 
problem each in the areas of nu- 
merical approximation and series 
solutions; advanced mathematics 
for engineers, which now presents 
solutions by the method of least 
squares; engineering design; elec- 
trical and electronic theory; sta- 
tistical analysis. 


ENGINEERS, scientists, and manage- 
ment personnel, both line and staff, 
have enrolled in next week’s Sixth 
Institute on Research and Develop- 
ment Administration sponsored by 
American University (Washington, 
D.C.). 

The five-day program has been 
arranged especially for those en- 
gaged in some phase of supervision 
or administration of scientific re- 
search and development programs. 
No academic credit is given. 
Among topics to be discussed: de- 
termining budget shares for re- 
search and development; evaluation 
of research. 


Weather Computer 
pai be 233 ar oer. 
vy as % a 
Ped 


2 


Data unit made by Siegler Corp. 
computes weather information for 
distribution by phone, radio 
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MORE SPEED. MORE SPAG 
WORLD-WIDE SERVICE 


Transistors, tubes and electronic equipment get there fast, safe 
and sound on Air France! Swift, frequent service throughout the 
week to The Common Market, The Outer Seven, Mexico, almost 
anywhere in the world. Service from New York, Los Angeles, 
Chicago, Montreal, Anchorage, and every flight carries 10,000 
pounds! Cargo compartments are pressurized and temperature- 
controlled. Save on crating, shipping weight. New low insurance 
costs, too! Air France speeds cargo to more cities in more coun- 
tries than any other airline. Specify Air France to your Cargo Agent! 


AIR FRANCE CARGO 
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MEETINGS AHEAD 


Apr. 25-27: Relay Conference, 
NARM in cooperation with Okla- 
homa State Univ.; Student Union 
Bidg., Stillwater, Okla. 


Apr. 26-28: Tech. Conf. & Trade 
Show, 7th Region; Westward Ho 
Hotel, Phoenix, Ariz. 


Apr. 30-May 4: Electrochemical 
Society; Claypool Hotel, Indian- 
apolis, Ind. 


Apr. 30-May 4: Aero-Space Instru- 
mentation Symposium, ISA; 
Adolphus Hotel, Dallas. 


May 1-4: International Scientific 
Radio Union (URSI), IRE; 
Georgetown Univ., Wash., D. C. 


May 2-4: Electronic Components 
Conf., PGCP of IRE, AIEE, EIA, 
WEMA; Jack Tar Hotel, San 
Francisco. 


May 6-9: Symposium on Circuit 
Theory, 5th Midwest, PGCT of 
IRE; Univ. of Ill., Urbana, Ill. 


May 7-11: Broadcast Engineering 
Conf., NAB; Washington, D. C. 


May 7-12: Society of Motion Pic- 
ture and Tv Engineers, Semi- 
annual; King Edward Hotel, To- 
ronto, Ontario. 


May 9-11: Western Joint Compu- 
ter Conf., PGEC of IRE, AIEE, 
ACM; Ambassador Hotel, Los 
Angeles. 


May 22-25: Electronic Parts Dis- 
tributors Show, Electronic In- 
dustry Show Corp.; Conrad Hil- 
ton Hotel, Chicago. 


Aug. 22-25: WESCON, LLA.& ° F 
Sections of IRE, WCEMA; Cow 
Palace, San Francisco. 


Sept. 11-15: Instrument-Automa- 
tion Conf. and Exhibit, ISA; 
Sports Arena, Los Angeles. 


Oct. 9-11: National Electronics 
Conf., IRE, AIEE, EIA, 
SMPTE; Intl. Amphitheatre, 
Chicago. 


Nov. 14-16: Northeast Research 
and Engineering Meeting, 
NEREM; Commonwealth Ar- 
mory and Somerset Hotel, Bos- 
ton. 


electronics 








MOTOROLA SILICON 
MESAS are now EPITAXIAL 





Superior performance. .. greater reliability MOTOROLA SILICON EPITAXIAL MESA TRANSISTORS 
... extreme uniformity. . . . mil-quality! 


These are the dramatic design advantages we | oe eel let aml & 
you gain from Motorola Silicon Epitaxial 

Mesa transistors. Performance character- esse Rope sk Lier Shake Bae = a 
istics include: faster switching speeds, 2N706A | 300 | 25) 5 | 200 40 450 
higher voltage breakdowns, reduced ca- 2N706B | 300 | 25 
pacitance, increased power handling capa- 
bilities with reduced saturation resistance, 
and vastly improved VHF power gain bes tell Bm Ping on - vate 
performance. The result — outstanding 2N753 | 300 | 25 200 75 450 
switching and amplifying devices with a 
wide range of application potential. 














5 200 40 450 





2N707 300 56 200 12 450 











2N834 300 40 200 40 500 





























2N835 300 25 200 40 500 





ae : = immediate availability — All Motorola Silicon Epitaxial 
For complete technical information on specific Mesa transistors are available “off the shelf” frorn your 
Motorola Silicon Epitaxial Mesa transistors, 


Motorola Semiconductor distributor. 
contact your Motorola district office, distrib- . ow 
utor, or write: Motorola Semiconductor 
Products Inc., Technical Information Depart- 


—— East McDowell Road, Phoenix 10, MO TO RO L A 


Semiconductor Products inc. 





MOTOROLA DISTRICT OFFICES: ; 
Belmont, Mass / Burlingame, Calif / Chicago / Clifton, N. J. / Dallas / A SUBSIDIARY OF MOTOROLA, INC. 
Dayton / Detroit / Glenside, Pa / Hollywood / Minneapolis / Orlando, Fla / 


Silver Spring, Md / Syracuse / Toronto, Canada 5005 EAST McDOWELL ROAD « PHOENIX 10, ARIZONA 
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Output pentode rated for 12W 

anode dissipation, primarily intended 
for use in a.c. mains 

operated equipment. 























characteristics 


250 V 

250 V 

48 mA 

5. mA 

-1. Vv 

Gm 11. mA/V 

Ta 38 kQ 
Ugi-g2 19 








SUPPLIES AVAILABLE FROM: 
IN THE U.S.A. 

International Electronics Corporation 

81 Spring Street, New York 12, N.Y. 
Worth 6-0790 








IN CANADA 

Rogers Electronic Tubes & Components 

116 Vanderhoof Avenue, Toronto 17, Ontario, 
Hudson 5-8621 
































etal 
[Mullard 
A * Mullard’ is the trademark of Mullard Limited 


Mullard Jill 


ELECTRONIC TUBES 





BRITAINS FIRST CHOICE 
FOR FIRST EQUIPMENTS 


MULLARD OVERSEAS LTD, MULLARD HOUSE, 
TORRINGTON PLACE, LONDON, ENGLAND 
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Westinghouse 


P ULTRASONIC 
g CLEANING 


saves $750 per month 
t at research lab 





In Lorillard’s new and modern laboratory, quality control and basic research 
are continuous programs. For both activities, sparkling clean glassware is an 
obvious necessity. 

Keeping tar-stained glassware clean once took the full time of five men. 
Now the job is done by one man .. . operating one Westinghouse Ultrasonic 
cleaning system. 

Benefits: Costs reduced about 80%, thousands of man-hours saved, faster 


cleaning—about 30 seconds per ‘‘load,’’ reduced inventory and breakage, 
and of course, absolute cleaning. 


The new system, installed in February, 1960, paid for itself in savings in 
the first few months of operation. Capital equipment cost: $2,600. 

Ask the Westinghouse Industrial Electronics Department, 2519 Wilkens 
Ave., Baltimore 3, Maryland, for information on how Ultrasonics can solve 


your cleaning problem. You can be sure if it’s 
Westinghouse 








Said Johann Kepler: “The planets move in elliptical orbits about the sun, and the square of their 
periods of revolution are proportional to the cube of their mean distances from the sun.” 


With interplanetary voyages fast becoming a reality, complete information regarding the velocity requirements for travel 
between planets is of vital importance. With these data available, it is possible to analyze propulsion requirements, plan 
ultimate system configurations, and conduct feasibility studies for any particular mission. 

Lockheed Missiles and Space Division scientists have actually evolved a rapid-calculation method, utilizing a high-speed 
computer. This has produced literally thousands of orbits, velocity requirements, and elapsed time, for design studies of 
trips to and from both Mars and Venus—every tenth day from now until January, 1970. 

More simple to analyze are many factors which make Lockheed Missiles and Space Division a wonderful place to live 
and work. Located in Sunnyvale and Palo Alto, California, on the beautiful San Francisco Peninsula, Lockheed is Systems 
Manager for such programs as the DISCOVERER and MIDAS satellites and the POLARIS FBM. These, together with research 
and development projects in all disciplines, make possible a wide diversity of positions for creative engineers and scientists 
in their chosen fields. 

Why not investigate future possibilities at Lockheed? Write Research and Development Staff, Dept. M-14A, 962 West 
E| Camino Real, Sunnyvale, Calif. U.S. citizenship or existing Department of Defense industrial security clearance required. 
All qualified applicants will receive consideration for employment without regard to race, creed, color or national origin. 


Lockheed /msswes AND SPACE DIVISION 


Systems Manager for the Navy POLARIS FBM and the Air Force AGENA Satellite in the DISCOVERER and MIDAS Programs 
SUNNYVALE, PALO ALTO, VAN NUYS, SANTA CRUZ. SANTA MARIA, CALIFORNIA® CAPE CANAVERAL. FLORIDA® HAWAII 
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Acoustical noise: 85 db. at 6 inch distance 


April 21, 1961 


For noise at microwave frequencies, too, there’s an ideal device 
in a small package. It’s the Litton L-2000 series of miniature gas 
discharge noise sources. Use them for automatic monitoring of 
the performance and sensitivity of modern radar systems. They’re 
available to cover the most-used frequency bands and come in a 
variety of mount configurations. 


The series features a shielded cathode, low modulator drain, and 
field-replaceable tube insert. Rugged. Insensitive to a wide range 
of ambient temperatures. Compactly engineered for demanding 
air and ground environments. Economical because of replace- 
ability, plus added advantages of logistic simplicity and ease 
of maintenance. 


FROM A 
SMALL 


SOURC 


The tube pictured here is the single-ended L-2000 with the 
LR-2000 insert, specified for a recent generation of FAA airport 
surveillance radars and for a variety of well-known “S-band” 
military systems. 


For more data on these or other precision gas tube products, 
write Litton Industries, Electron Tube Division, 960 Industrial 
Road, San Carlos, California. Or telephone LYtell 1-8411. 





GAS NOISE TUBES 


Nominal Nominal 
Frequency Excess Operating Operating 
Type Range Noise Ratio Current Voltage 
Number (megacycles) lb) (ma) (volts) Coupling 


L-2008 200-250 
L-2013 570-630 
L-2006 1200-1400 
L-2000(R) 2700-2900 
L-2018(R) 2700-2900 
L-2011(R) 3300-3700 
L-2009(R) 3400-3700 
L-2007 2000-4000 
L-2010 2000-4000 
L-2001(R) 5400-5900 
L-2002(R) 7500-8600 
L-2003(R) 8500-9600 
L-2004(R) 8500-9600 
L-2017(R) 8970-9190 
L-2005 16000-17000 
(R) denotes replaceable gas tube insert 
*single ended mount 
**double ended mount 





%" coax* 
%," coax* 
%”" coax** 
RG-48/U WG* 
RG-48/U WG* 
RG-48/U WG* 
RG-48/U WG* 
%" coax** 
¥%" coax** 
RG-49/U WG** 
RG-51/U WG** 
RG-52/U WG** 
RG-52/U WG* 
RG-52/U WG* 
RG-91/U WG* 
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LITTON INDUSTRIES 
Electron Tube Division 


MICROWAVE TUBES AND DISPLAY DEVICES 
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BIG NEWS FOR USERS OF INSTRUMENT LATHES 


JE VIN | LATHES 


PRODUCE SMALL INSTRUMENT 
PARTS MUCH BETTER 


We present the latest in the series of Levin Instrument 
Lathes, a new model with a half inch collet capacity 
but with the same sensitivity and precision for which 
Levin Lathes are so well known. 


Here is a typical exam- 
ple of work which can 
be done in the new Levin 
Y¥," capacity lathe. A 
hole .002” in diameter 
is being drilled in a 
nozzle. 

Send for literature describ- 
ing the 2” capacity in- 
strument lathe and acces- 
sories. 


LOUIS LEVIN & SON, INC., 3573 HAYDEN AVE., CULVER CITY, CALIF. 
CIRCLE 201 ON READER SERVICE CARD 





PRINTED CIRCUIT 
DRAFTING AIDS 


Time Saving Shapes and Narrow Tape for 
Making Printed Circuit Master Drawings Cu MI | | | | ! : 


and counting tube circuits 


pate data on 


“KWIKY-DOT” overlapping Donuts 
and solid Discs for quick and easy 
application. 

Pressure-sensitive Teardrops, 


Twin Pads, T’s, and Corners. 


DEKATRON GC10D The only handbook of counting tube 
Black non-stain, non-smudge narrow | Cold cathode glow tube - 


applications, circuitr ificati 
tape in 15 or 60 yd. rolls from mabe ecil fa oe om y and Specifications. 
1/32” wide. Also red translucent computing and control op source for circuit and system designers 


and black on white. | poste 9 ng in all electronic, computer and contract 
WRITE FOR HANDY CROSS REFERENCE Ets modes. engineering fields, 
CHART, PRICE LIST AND FREE SAMPLES. | 


"4314 WEST PICO BLVD. + LOS ANGELES 19, CALIF ’ BAIRD -ATOMIC, INC. 
Same Day Shipment is Our Usual Service JS university road + cambridge 38, mass. 
CIRCLE 202 ON READER SERVICE CARD 
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Write for your copy today. 
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Electronics at Boeing 


Electronics, symbolized by this diagrammatic representation, is a rapidly expanding field 
of activity at Boeing. Here engineers and scientists are at work in research, design and 
test areas of electronics. Activities cover a broad spectrum, from advancement of the 
state-of-the-art to the development, manufacture and installation of electronic systems. 

Boeing scientists and engineers are also advancing the state-of-the-art in many other 
areas, including military jet aircraft, commercial jet transports, hypersonic flight, heli- 
copters, vertical and short take-off and landing aircraft, gas turbine engines, space 
systems, antennas and hydrofoils. In addition, scientists of Boeing's Allied Research 
Associates subsidiary developed techniques and interpretive methods to analyze data 


transmitted to earth by Tiros I and Tiros II meteorological satellites. 


Professional-Level Openings 
Engineers and scientists—and professional spe- 
cialists in business and management disciplines— 
will find career opportunities of unusual scope 
and potential at Boeing, as well as a stimulating 
environment conducive to rewarding achieve- 
ment and rapid advancement. Drop a note now, 
mentioning degrees and major, to Mr. John C. 
Sanders, Boeing Airplane Company, P.O. Box 


3822-ENJ, Seattle 24, Washington. 


SEOIEMNM lr 
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VALPEY crystal controlled 


PACKAGED 
OSCILLATORS 


a stable 
solid state source 
for systems 


Temperature controlled packaged 

oscillators, either sealed units or 

plug-in printed circuit modules, offer the 

reliability and stability of quartz crystal 

control over a frequency 

spectrum of 60 cps to 20 MC. Stabilities 

from 0.1% to 0.001% are standard, 

custom designed units stable to 

5 parts in 108 are available as 

complete packages. Features include: 

small size, temperature range 

from —65°C to 125°C, ruggedized 

units to meet severe environmental 

conditions. Outputs available 

include: standardized pulse, square wave or 

stable sine-wave — working into load 

impedances from 50 ohms and up 

depending on frequency range. The Valpey engineering staff will be 

pleased to submit quotations according to your specifications for packaged 

oscillator applications including pulsed or gated circuits, frequency sources 

and standards, time bases or other advanced circuitry needs. Specification 
sheets on request. 


17:08 0 A'@ QUARTZ CRYSTALS 


Crystals in all frequency ranges can be manufactured or developed to meet 
long term stability and other special requirements. Miniature and sub- 
miniature frequency control crystals for commercial or military applications 
are available to 125 MC. High frequency crystals for lattice type and single 
signal filters are available in frequency range from 1500 KC to 23,000 MC. 


Ruggedized Low Frequency 
Oscillator and Filter Crystals 
compactly designed for applica- 
tions where space is important 
and environmental conditions 
severe. Frequency range 5 KC 
to 350 KC. 


For complete information on 
Valpey Crystals request catalog 


eGpiumiunship tie coils since 1937 


Quartz Crystals » Ovens + Precision Optics + Crystals for 
Ultrasonics and Delay Lines + Packaged Oscillators 
Fabrication of Rods for LASER 


LPEY CRYSTAL CORP. 


HIGHLAND ST., HOLLISTON, MASS. 
Tel. GArden 9-4851, 9-4854 
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» TRANSISTOR 
= 
DIODE 
TESTERS 


@ Keyboard Metering 
@ Mirror-back 
(1%) Meter 
e@ Meter in Electronic 
Metering Circuit 











For quantity testing by unskilled operators .. . 
For precision laboratory use in analyzing Ger- 
manium and Silicon semiconductor devices. These 
Trans Electronics Transistor and Diode Testers 
provide keyboard metering, with mirror-back (1%) 
meters. Types available include: Voltage-regulated 
models providing 6 current ranges between 10 
and 3000 milliamps, two voltage ranges of 0-1000 
millivolts and 0-3000 millivolts. Remote load sens- 
ing is provided with voltage-regulated models. 
Testers are available in Forward-Current, and Re- 
verse-Current, Saturation-Voltage (E.-1,) types. Two 
classes of Forward Testers provide ranges of 0-3 
amps, and 0-3 volts. Other Forward Testers up to 
50 amps, custom-built. Two classes of Back 
Testers provide ranges of 0-1000 volts, and 0-3000 
volts, each with 1 milliamp current capability. 
Meter ranges are 3 milli-microamps to 1 milliamp. 


Trans Electronics offers 
other custom diode and 
transistor equipment 


TRANS ELECTRONICS, tnc. 





7349 Canoga Avenue, Canoga Park, California 
Diamond 0-3333 
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NEW 
BELL LABORATORIES 


RESEARCH FORESHADOWS 


COMMUNICATIONS 
AT OPTICAL 
FREQUENCIES 4 cevotutionary 


new device, the continuously operating Optical 
Gas Maser, now under investigation at Bell Tele- 
phone Laboratories, foreshadows a whole new 
medium for communications: light. 





Light waves vibrate at frequencies tens of 
millions of times higher than broadcast radio 
waves. Because of these high frequencies, a beam 
of light has exciting potentialities for handling 
enormous amounts of information. 


Now for the first time, Bell Laboratories’ new 
Optical Gas Maser continuously generates light 


waves that are “coherent.” That is, the lighi 


waves move in phase as seen looking across the 
beam. 


With further research, it is expected that such 
beams can be made to carry large amounts of 
information. The beams can be transmitted 
through long pipes. They can be projected very 
precisely through space, and might be used for 
communications between space vehicles. 


Research with coherent light is another ex- 
ample of how Bell Laboratories prepares ahead 
for communications needs. 


The Optical Gas Maser (above) was first demonstrated at Bell Telephone 
Laboratories. Heart of unit is a 40-inch tube containing helium and 
neon. Interaction between gas atoms produces a continuous, coherent 
beam of infrared light that may one day be used in communications. 


BELL TELEPHONE LABORATORIES 


WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 





MASTERITE 
COMPONENT 


FOLDERS 


FOR YOUR MOST EXACTING REQUIREMENTS 


Shock-resistant, vibration-free holding of 
transistors, diodes, capacitors, resistors, tube 
shields, etc. is assured with Masterite Compo- 
nent Holders. Highest precision quality in a 
wide range of types, sizes, metals, platings, 
coatings and coding. Also designed to your 
specs. Used by many leading electronics firms. 

Immediate shipment from stock. 





weog:: -) 
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NEW 64 page catalog 
Circle number shown below on read- 
er service card to receive your copy. 


MASTERITE INDUSTRIES i 


835 W. Olive Street, Inglewood, Calif. OR 8-2575 
DIVISION OF HOUSTON FEARLESS CORPORATION 
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MULTIPLE 
INDICATORS 


in a compact ‘‘package’’— 


Ready to Install 


in a minimum of space! 


The DIALCO DATA MATRIX® 


Manufacturing Service aids you 3 ways: 


(1) Supplies ultra-miniature Lamp Holders with 
read-out Lamp Cartridges...(2) Fabricates panels 
to order...(3) Assembles Lamp Holders on panels. 
For computers, data processing equipment, etc. 
Lamp Holders accommodate DIALCO’s 

own Lamp Cartridges. Shown 42 size: 

DaTa Matrix No. DM-7538-40 with 40 

Lamp Holders and Cartridges...Shown 

actual size: Incandescent Cartridge 

No. 39-6-1471 with short cylindrical 

lens; Neon Cartridge No. 38-1531 with 

long cylindrical lens. Many other features. 


ane details in Brochure L-160B. 


DIALI GH T 


CORPORATION 


58 Stewart Avenue, Brooklyn 37, N. Y. © HYacinth 7-7600 





PILOT LIGHTS 
“The Eyes of 
Your Equipment” 
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New 
equipment 
without 
capital 
outlay 
...from Ampex 


Ampex data recorders on the 
newly announced lease pro- 
gram can help you in two ways. 
Leasing lets you pay for the 
use of your data recorder only 
as you need it. 


Through installment purchas- 
es, you are investing in your 
Ampex data recorder while it 
works for you. 


Either way, pressure on your 
working capital is reduced to 
the minimum. Complete pro- 
gram details and equipment 
specifications from: 


AMPEX 


AMPEX INSTRUMENTATION PRODUCTS CO. 
Box 5000 Redwood City, California 
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OR 


HIGH INSULATION RESISTANCE 


LOW DISSIPATION FACTOR 


oAN FERNANDO 


uss NATVAR 


Ctyroflex Film 


their subsidiary, Caribe Capacitors, Inc., Cataiio, Puerto Rico, 
manufacture West-Cap capacitors for use in timing circuits, filter 
network components, test equipment and secondary standards of 
capacitance, and other critical circuits for computers and certain 


weapons programs where stability and close tolerances are 
essential. 


Natvar Products 


Varnished cambric—sheet and tape 
Varnished canvas and duck—sheet 
and tape 
Varnished silk and special rayon— 
sheet and tape 
Varnished papers—rope and kraft— 
sheet and tape 
Varnished, silicone varnished and 
silicone rubber coated Fiberglas*— 
sheet and tape 
Slot cell combinations, Aboglas® 
Teraglas® 

Isoglas® sheet and tape 
Isolastane® sheet, tape, tubing and 
sleeving 
Vinyl coated and silicone rubber 
coated Fiberglas tubing and sleeving 
Extruded vinyl tubing and tape 
Styrofiex® flexible polystyrene tape 
Extruded identification markers 

*TM (Reg. U.S. Pat. Off.) OCF Corp. 


We will be very hoppy to supply information 


on any of our products on request, 


April 21, 1961 


West-Cap Capacitors are available in a wide 
range of capacities—in glass-to-metal, hermet- 
ically sealed, tubular and bathtub types, made 
to MIL. Specs such as MIL-C-19978 (Ships) 
and MIL-C-26086/3 (USAF). Natvar Styro- 
flex is used as the dielectric. 


S an Fernando Electric 


Manufacturing Co., San 
Fernando, California and 


Natvar Styroflex is used as the dielectric, first because of its excel- 
lent dielectric properties, and second, because its complete flexi- 
bility makes it easy to handle, and its consistent uniformity makes 
it possible to manufacture to extremely close tolerances. 


Natvar Styroflex Film is made in thicknesses from 0.00025” to 
.0060”, and in widths from %” to 10” depending on thicknesses 
and manufacturing requirements. 

Styroflex is the registered trade 


name for Natvar's biaxially oriented 
flexible polystyrene film 


NATVAR conroration mm 


FORMERLY THE NATIONAL aa PRODUCTS CORPORATION 


Telephone Cable Address 
FULTON 8-8800 RAHWAY, om RAH 1134 NATVAR: RAHWAY, N.J. 


201 RANDOLPH AVENUE © WOODBRIDGE, NEW JERSEY 
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SALESPOWER 
NEW PRODUCTS WITH— 


MALLORY 
MERCURY 
BATTERIES 


A NEW VOICE FOR THE SPEECHLESS 
This new electronic larynx developed by 

Bell Telephone Laboratories and 
manufactured by Western Electric Company 
transmits sound waves into the throat 

cavity of a person whose larynx has been 
paralyzed or removed. Tiny Mallory. Mercury 
Batteries power the transistor circuit, 

provide full power throughout their long life. 


electronics 








ELECTRONIC GARAGE DOOR OPER- 
ATOR made by H. W. Crane Co. transmits a 
radio signal to operate garage door from inside 
car. The compact, transistorized control is 
powered by Mallory Mercury Batteries. These 
tiny cells deliver long, dependable service with 
a constant voltage output. 





CONVERTING CURRENT TO VOLTAGE, 
the new Hewlett-Packard AC current probe 
simplifies measurements of alternating current. 
Two Mallory Mercury Batteries provide the 
instrument’s low impedance power supply, with 
fade-free service of approximately 400 hours. 


PLOTTING THE EARTH’S MAGNETIC 
FIELD is one of the many uses for this port- 
able Gaussmeter from F. W. Bell, Inc. Power 
source for this sensitive, transistorized instru- 
ment, Mallory Mercury Batteries assure good 
voltage stability over long periods of time and 
a very high capacity per unit volumy, 


April 21, 1961 


Want to miniaturize? Make a new product 
more portable? Get longer battery life, with 


fewer changes? You'll get all these sales- 


building extras—and more—from Mallory 


Mercury Batteries. Here’s power that won’t 
fade in use . . . never dies in storage. These 
tiny cells last many times longer than con- 
ventional batteries . . . are packed with much 
more capacity per unit size. They’re leak- 
proof . . . operate over a wide temperature 
range ... provide constant voltage discharge 


that’s ideal for transistor circuitry. 


We have a broad line of standard single or 
multiple voltage cells . . . and we'll develop 
custom power packs for you. For consultation 
and engineering data, write Mallory—the 


mercury battery pioneers. 


Mallory Battery Company, North Tarrytown, N. Y. 
a division of 


MaLtorY 


In Canada: Mallory Battery Company of Canada Limited 
Toronto 4, Ontario 


In Europe: Mallory Batteries, Lid., Dagenham, England 
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You détlde... 


WHAT THE NEW (Gj) IMPEDANCE BRIDGE 
CAN BEST DO FOR YOU... 


[ Limits bridge 


Three terminal capacitance 
measurements 


Precision laboratory 
measurements 


Incoming inspection of components 


Capacitor leakage measurements 


Production line testing (to 500 V.D.C.) 


Field engineering and 


Very low capacitance differential 
aero flight tests 


measurements (to 0.01 uufd) 


UNIVERSAL 
IMPEDANCE BRIDGE 


FEATURES 


Total weight under 10 Ibs. 
High accuracy 

Wide range 

Direct in-line readout 
Plug-in frequency networks 


The Model 710A is the most compact, versatile, and easy to operate precision impedance 
bridge available today. 


Because its internal ratio arm resistors and capacitance standard are selected for highest 
stability, the 710A also assures you the utmost in reliability and long life. 


PARTIAL SPECIFICATIONS 


aq 


Resistance: 
Accuracy: 
Capacitance: 


Accuracy: 
Inductance: 


Accuracy: 


Dissipation Factor (D): 


Accuracy: 


ADDITIONAL 





0-12 megohms in 8 rang 
+(0.1% + 1 dial division) 
0 to 1200 microfarads in 7 
ranges. 

+(0.2% + 1 dial division) 
0 to 1200 henrys in 7 ranges. 
+(0.3% + 1 dial division) 
0 to 1.000 at 1 kilocycle. 
+(2% + 0.005) 


Storage Factor (Q): 
Accuracy: 
SWITCHES: 

INPUT POWER: 


DIMENSIONS: 


0 to 1000 at 1 kilocycle. 
+(2% + 0.005) 

All switches use silver alloy 
contacts to insure the highest 
accuracy. 

115/230 volts, 50 to 800 
cycles, 12 watts. 

Cabinet length, 9 inches; 
width, 7 inches; height, 

62 inches. 


SPECIFICATIONS AND APPLICATION NOTES ARE AVAILABLE 


Please circle this ad number on the inquiry card or write direct for additional information. 


ACTUAL CABINET SIZE indicated by black border. 


FLUKE 


RICE: 
$525.00 a F.0.B. factory 
Seattle, Washington 


Price and specifications subject to change without notice. 


JOHN FLUKE MANUFACTURING CO., INC. 
MOUNTLAKE TERRACE, WASHINGTON 
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S° the date you need any 
standard type coaxial cable 
on the job, and Chester will meet 
it... with from-stock shipments 
of one of the country’s most com- 
plete lines of coaxial cable. 

With Chester cable you can 
make a quick selection of exactly 
the right cable for each specific 
application. From micro-waves to 
missles ...in conformance with 
military or commercial specifica- 
tions ... for military or commer- 
cial applications... there’s a 
Chester cable tailored to your 
design and requirement. 

For special cable problems, 
you can depend on Chester to 
custom-engineer the correct 
cable to meet your specifica- 
tions. Select the type conductor, 
insulation, jacket, and armor 
which your requirements de- 
mand. But, be sure you select 
Chester for the cable ‘“‘job- 
tailored” for you. 


ett ptt eet 


NEW, 
Chester's 
fact-packed 
coaxial cable 
selection guide, 
Write for your 
free copy. 











CHESTER 
CABLE CORP. 


CHESTER N.Y. 


A SUBSIDIARY OF 
TENNESSEE 
CORPORATION 


wai 
SPECIFY CHESTER WiRE AND CABLE FOR ALL YOUR ELECTRONIC EQUIPMENT NEEDS 
Coaxial Cables + Hook-Up Wire « Multi-Conductor Cable + Appliance Wire « Audio Wire * Miniature Wire and Cable + High Voltage 
Wires «High Frequency Wires+ Antenna Loop Wire* Annunciator Wire + Telephone Wires and Cables «Television Transmission Lines 
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SDE ; PE ¥ 


To NEW MEMBERS 
of the 


Electronics and 


— Control Engineers’ 
SAVINGS UP 


TO $15.50 Book Club 


Switching Circuits — 
With Computer Appli- 
cations by W. Hum- 
phrey, Jr. Applies 
= esa circuit tech- 


move te aeden at aoe How many of these books do you 
electronics systems. 
Publisher's Price, $8.50 ° 
Club Price, $7.28 wish you had at Club savings? 
mien = pone ‘ Select one for JUST A DOLLAR! Choose from Electronic Designers’ 
and H. Taub. Explains Handbook, Pulse and Digital Circuits, Electronic Measurements, and 
pre ner gy Ee aes seven other valuable books . . . your introduction to membership in 
sign. ; ; the Electronics and Control Engineers’ Book Club. 
ae ye “4 If you're missing out on important technical literature, if today’s 
: . high cost of reading curbs the growth of your library—here’s the 
Magnetic Amplifier En- solution to your problem. The Electronics and Control Engineers’ Book 
vee Club was organized for you, to provide an economical technical reading 
applications of oe ~ program that cannot fail to be of value to you. 
oa Saas ee All books are chosen by qualified editors and consultants. Their thor- 
Publisher's Price, $7.50 - : . 
Club Price, $6.40 oughgoing understanding of the standards and values of the literature 
in your field guarantees the authoritativeness of the selections. 
ductor Electronics b. . HOW THE CLUB OPERATES 
unter. Covers princi- Pe 
ples of ‘operation, man- tenes Every second month you receive free of charge The Electronics and 
Pubileher’s Prien, 094.00 ae Control Engineers Book Bulletin (issued six times a year). This gives 
Club Price, $11.90 ; complete advance notice of the next main selection, as well as a number 


Sx of alternate selections. If you want the main selection you do noth- 
le ae re i ing; the book will be mailed to you. If you want an alternate selection 
J. M. Carroll. Hun a . .. or if you want no book at all for that two-month period notify the 
ue Geaue oF a oe Club by returning the postpaid card enclosed with each Bulletin. 
plications. 

Publisher’s Price, $8.00 


lisher's Price, $6 ed SAVES YOU MONEY AND THE BOTHER OF SHOPPING 


- We ask you to agree only to the purchase of three books in a year. 
Electronic Measure- 
ments by F. Terman ; Certainly out of the large number of books in your field offered in any 
and J. Petit. 2nd Ed : 


pple gaan heard _&§ twelve months there will be at least three you would buy anyway. By 
fundamentals in racio, joining the Club you save yourself the bother of searching and shop- 
TD gen lg escale ' ping, and save in cost about 15 per cent from publishers’ prices. 
Publisher's Price.©1250 | ; Send no money now. Just indicate any two books you want—one for 
Club Price, $10.65 only $1.00 and one as your first Club selection—in the coupon below. 
. Take advantage of this offer now, and get two books for less than the 
Mathematics for Elec- 74 


tronics with Applica- 3 ‘ regular price of one. 
tions by H. M. Nodel ‘ 

man and F. W. Smith, 

Jr. Mathematical meth- 

ods for solving over 200 

typical electronics prob 


rae Price, $7.00 = - . | | v idalb) COUPON WORTH UP TO 


lub Price, $5.95 











; 
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: 
{ 
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Electronic Designers’ 
Handbook by R. Lan 
dee, D Davis, and 
A. Albrecht. Detailed, 
practical design data 

electronics circuits 

all types of equip 


The ELECTRONICS AND CONTROL — BOOK CLUB, Dept. L-4-21 
327 West 41st Street, New York 36, 


Please enroll me as a member of the eindesenien and Control Engineers’ Book Club 
I am to receive the two books I have indicated below You will bill me for my 
first selection at the special club price and $1 for my new membership book, plus 
a few additional cents for delivery costs. (The Club assumes this charge on prepaid 
orders.) Forthcoming selections will be described to me in advance and I mav 
decline any boo! IT need take only 3 selections or alternates in 12 months of 
membership. (This offer cood in U.S. only.) 





Publisher's Price, $16.50 
Club Price, $14.05 


Show 2 numbers: #1 for dollar book and +2 for Club selection 


System Engineering — — Switching Circuits, $7.25 


n __ Electronic Measurements, £10.65 
Tae a cerca . 2 : — Pulse and Digital Cireuits, $11.50 __ Mathematics for. Electronics with 
Systems by H resto : __ Magnetic Amplifier Engineering, $6.40 Applications, $5 
Goode and R E Handbook of Semiconductor Elec- Electronic Betaher Handbook, 
Machel eter a . " sre — eon ig RS Semiconductor Ele $14.05 
ods or solving prec ; 


rem lems of large-scale 
$¥5 


Transistor Circuits and Applications, System Engineering, $9.80 
systems 
ENG IMEERING 


$6.80 Electronic Digital Computers, $10.25 
Publisher's Price, $11.50 


Club Price, $9.80 PLEASE PRINT 


Electronic Digital Com- 
puters by ©. Smith Ex- 
plains principles and 
operations of arith- 
metic, circuits, and 
components in modern 
digital computers. Company 
Publisher's Price, p12. 00 


7 waco ean et NO RISK GUARANTEE 1, const sats. oy may ctu 
MAIL couPON AT RIGHT TODAY x : ‘ | your membership will be canceled L-4-21 
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important 


, p & rele 


KHP SERIES SHOWN ACTUAL SIZE 


having rare longevity 


This small, 4-pole relay has the happy faculty of maintaining its original operating KHP SERIES SPECIFICATIONS 

tolerances over an exceptionally long life. Example: tests (by customers!) show this CONTACTS: 

relay has variations in electrical characteristics of less than 5% after more than 100 Arrangement: 4 Form C, 2 Form 2. 

million operations. Material: %” dia. Silver standard. Silver cad- 

But that's far from all. This is a smal relay . . . about a one inch cube. This relay mium oxide and gold alloy available. 

is easy to install using the conveniently spaced solder lugs or a socket. Thus you Rating: 3 amps @ 30 volts DC or 115 volts AC 

save time and production costs. This relay is versatile . . . its 4PDT contacts will resistive for 100,000 operations. 

switch loads from dry circuit up to 3 amperes. This relay—well, why not order samples COILS: 

and see for yourself! Order today from your P&B representative or call us at Fulton Resistance: 11,000 ohms max. 

5-5251, in Princeton, Indiana. — Operating Ambient: —45°C. to 

Power: 0.5 watts min operate @ 25°C. 0.9 
watts nom. @, 25°C. 2.0 watts max. @ 25°C. 


2 TIMING VALUES: 

= 4 rary Nominal Voltage @ 25°C. Max. Valves 
63im ere Pull-in time 15 ms 

y Fart Drop-out time 5 ms 
Zari INSULATION RESISTANCE: 1500 megohms min. 

2 s\z & DIELECTRIC STRENGTH: 


. . 500 Volts RMS 60 cycles between contacts. 
2 Wil & 1000 Volts RMS 60 cycles between other elements. 


be: MECH. LIFE: In excess of 100 million cycles. 
ZOE SOCKET: Solder lug or printed circuit terminals. 


\/16" HIGH NUMERALS -RAISED 005 APPROX 




















my 


b | : s Available as accessory. 
oe F be zg DUST COVER: Standard. 
2 TERMINALS: Solder lug and taper tab. 


KHP SERIES RELAY NOW AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


POTTER & BRUMFIELD 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY 


ee PRINCETON, INDIANA 


IN CANADA: POTTER & BRUMFIELD, DIVISION OF AMF CANADA LIMITED, GUELPH, 


ONTARIO 
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BENDIX-PACIFIC 


offers these excellent opportunities 


FOR ENGINEERS 


“EAGLE” MISSILE PROGRAM 

Senior Engineers are required with 
BSEE or MSEE with design experience 
in solid state circuitry on the Navy’s 
newest air-to-air missile. Areas of inter- 
est include receiver, digital, microwave 
and servo systems; IF amplifiers, VCOs, 
discriminators, radar, missile control 
design, DC power supplies and digital- 
to-analog circuitry. 


SYSTEMS RESEARCH 


Engineers with BSEE or MSEE with 
background in circuit analysis or mathe- 
matical analysis. 


AIRBORNE RADAR 

Senior Engineers with BSEE or MSEE 
and experience in all phases of micro- 
wave and radar transistor circuit design. 


MILITARY NAVIGATION 

Senior Engineers with BSEE and expe- 
rience in low frequency electronic circuit 
design, aircraft instrumentation, MIL 
specs or transistor techniques. 


INSTRUMENTATION 


Senior Engineers with BSEE and exten- 
sive experience in analog and/or digital 
telemetry systems and components. 


HYDRAULICS 

Senior Engineers with ME or BSEE and 
experience in hydraulic and pneumatic 
components or systems, and/or electronic 
experience as it applies to hydraulics, 


UNDERWATER ORDNANCE 


Senior Engineers with BSEE, MSEE 
and experience in the design of solid state 
circuitry, electro-acoustic transducers for 
ASW applications. 


RELIABILITY 


Senior Engineers with BSEE and 
component and application engineering 
experience. 


Please send resume to 


W. C. WALKER, Engineering Employment Manager 


Bendix-Pacific Division 
11602 SHERMAN WAY 
NORTH HOLLYWOOD, CALIF 
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Purtaern----vou AND YOUR 


NO. 50 POCKET PAL 


$1.00 AT YOUR LOCAL DEALER 
CATALOGUE NO. 49 AVAILABLE UPON REQUEST 


030 MATTE FINISH MATHEMATICAL QUALITY DOUBLE-CURED PLASTIC 


ALL HOLES SMOOTH-MILLED TO ENGRAVING MACHINE ACCURACY 


ONE OF MORE THAN 30 RAPIDESIGN TIME-SAVER TEMPLATES — ALL 


OF WHICH ARE BETTER MADE, MORE USEFUL AND LESSER PRICED 


FAPILJESIGN wwe 


Pp. oO. BOX 592 GLENDALE ee 
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FOR 
FREE 
REPRINT 
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MONTH 
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“EUREKA” IS HARDLY THE WORD FOR IT, ARCHIMEDES! 


“Astounding” is more like it, because we use your principle to buoy the “heart” of our 
precision gyroscopic instruments. Floatation eliminates frictional forces on pivots and thereby 
reduces drift rates. Consequently, we are able to develop precise gyros and pendulous 
accelerometers for missile guidance and ship navigation. 

If you are interested in putting ancient laws to work in the missile age, and if you have 


a BS, MS or PhD in EE, ME, Physics or Math, contact Mr. G. F. Raasch, Director of © " 


Scientific and Professional Employment, Dept. C, 7929 S. Howell, Milwaukee 1, Wisconsin. 


AC SPARK PLUG 43 THE ELECTRONICS DIVISION OF GENERAL MOTORS 
MILWAUKEE « LOS ANGELES « BOSTON 
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NEW, SIZE 8 INTEGRAL 
Sa MOTORS 


que Load Capacity’ 


jor. t comparable size 8 gearhead 4 


: 


CPPC one-piece gearhead housing eliminates sep- 

arate gear plates and fastening posts, improves B : 

and maintains accuracy through exact alignment = ral Gearhead and motor are select- 
of gear clusters, assures smoother operation and 7 m , able, individual parts enclosed in 


more expedient inspection and servicing. ’ i a the same common motor housing. 


PERFORMANCE CHARACTERISTICS 


SIZE 8 INTEGRAL GEARHEAD MOTOR 
=RVO MOTOR TYPE ALC-8- -1 


Note: Torque Prachi! curves are aad 
“p)\| || when plotted to Cartesian coon 
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GEARHEAD OUTPUT SPEED-RPM 


MOTORS 


The following CPPC standard motors, electrical character- 
STANDARD TYPES istics of which can be found in the current CPPC Rotary 
Components catalog, are offered with our gearheads: 
SIZE 8 SIZE 10 
ACH -8-(]-1 AMH-8-(]-3 ACH-10-[)-1 ALH-10-()-1 
ACH -8-(]-4 ALC-8-[)-1 ACH-10-(]-4 ALH-10-()-5 
AMH-8-(]-1 ALC-8-()-4 
CURRENT LEAKAGE 
‘ VARIATION WITH TEMPERATURE OF LEAKAGE 
CURRENT BETWEEN wases oF te MOTORS 
Superiority of insula- 
tion in CPPC motors 
is illustrated by ac- 
tual comparative 
curves shown at the, 
right. 











LEAKAGE CURRENT 


if vs 
TEMPERATURE-“C 


CLIFTON PRECISION PRODUCTS CO.,INC. 


CLIFTON HEIGHTS, PENNSYLVANIA 
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Optical Ranging System 
Uses Laser Transmitter 


View of coherent light transmitter shows flash tube and ruby 


Coherent light beam derived from ruby maser provides ranging 


capability up to 2 or 3 miles. System transmits with an angular 


beamwidth of 1 minute of are 


By M. L. STITCH, E. J. WOODBURY and J. H. MORSE, 


THE OPTICAL MASER, or laser as it 
is sometimes called, possesses 
unique advantages when applied to 
radar ranging. Compared to micro- 
wave radar, it provides higher col- 
limation or directivity, which 
makes possible high angular reso- 
lution. The system transmits with 
an angular beamwidth of approxi- 
mately 1 minute of arc. Compared 
to pulsed-are light radar, advan- 
tages are greater brightness, mono- 
chromatic emission that permits 
the use of optical bandpass filters 
in the receiver circuit to discrimi- 
nate between signal and sunlight 
noise (and thus makes possible 
long-distance ranging in daylight), 
and freedom from are wandering 
or walking. 


April 21, 1961 


Hughes Aircraft Co., Culver City, Calif. 


Typically the laser source is 10° 
times the integrated brightness of 
the sun. The degree of monochro- 
maticity of the laser emission is 
expressed in spectral brightness, 
which is brightness per unit wave- 
length. For the laser this is typi- 
cally 10” times the spectral bright- 
ness of the sun. 

The system uses these properties 
of the laser’s coherent light trans- 
mission and is called Colidar, an 
acronym from coherent light de- 
tecting and ranging. It is analo- 
gous to classical pulsed radar rang- 
ing; the delay between a signal and 
its echo is measured to determine 
range. 

There are however, some differ- 
ences in technology between Colidar 


and other active ranging schemes. 
In radar the microwave tube emits 
power as soon as voltage is applied, 
so that the envelope of the micro- 
wave carrier is determined by and 
is similar to the pulse shape of the 
supply voltage modulator. Jitter of 
the microwave tube is sufficiently 
low that the modulator pulse is 
used to trigger the tuning circuits. 
Pulsed are radar behaves similarly, 
although the carrier is not mono- 
chromatic as is radar or Colidar, 
but rather wideband optical noise 
that must compete against sunlight 
noise during daylight hours. 

The Colidar’s laser transmitter 
is powered by a light source called 
an exciter or pump, typically a flash 
tube, instead of a supply-voltage 
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RECEIVER modulator. The relation between 


DUAL BEAM the laser emission envelope and the 
3A FILTER OSCILLOSCOPE ER 


( pulse shape of the exciter is com- 
plex and dependent on many fac- 

EAM BEF tors, some of which are difficult to 
rune nines AMPL j Mai measure. In addition, there is jit- 

;, é oct ter in the starting time from flash 
TRANSMITTER 800 V to flash. This has necessitated a 
WIRE GRID TO PPLY monitoring circuit to trigger the 
SAT Go teehee timing circuit. 
Fas senTen The typical output envelope of 
the laser is a short train of pulses, 
10 Kw in power, 1 psec or less per 
aun vane pulse and of several microseconds 
interval between pulses. Control of 
ones OF this pulse shape can be accom- 
TRANSMITTER plished in several ways. One tech- 
ON, ek eee nique provides for reduction of the 
ruby temperature from room tem- 
perature in the present Colidar to 
sufficiently low temperature. This 
would result in a long pulse the 
length of the present pulse train, 
which could be modulated by a Kerr 
cell or other fast shutters. The 
change in pulse structure as a re- 
sult of cooling was first reported by 
SOv AT SOMA R. J. Collins of Bell Labs at an 
 ; AIEE meeting in Los Angeles, 14 
j February 1961. Recent confirma- 
tt i” tion comes from D. Buddenhagen 
of Hughes Research Labs in a pri- 
6.2K 3 } 3 vate communication. 

} ; In the first Yughes model, im- 
provement in the pulse character- 
istics and lifetime of the flash-tube 
pump has been achieved by provid- 
ing the pump output as a short 
high-energy pulse rather than a 
longer exponential decay output of 
much greater energy but lower 
OSCILLOSCOPE average power per pulse, which has 

BEAM been in general use. 
— To understand why there has 
been improvement calls for a brief 
230V review of the principles of laser op- 

SMA 

eration. The ruby absorbs optical 
radiation in the green region of the 
spectrum. If a sufficient quantity 
vn dotusabtien in watt-seconds of light is absorbed 
LOWER BEAM PREAMPL within a period shorter than a char- 
acteristic internal relaxation time, 
the ruby will become sufficiently 
VARIABLE toy | excited to emit stimulated radia- 
0-8,000 v tion. This characteristic period is 
of the order of a millisecond, and 
the required amount of absorbed 
pee light energy is called the threshold 
TRIGGER energy. If light flux is supplied at 
nie 0.02 a higher rate so that the threshold 
GL7703 TRIGGER energy is absorbed in a shorter 
IGNITRON OR | time, the stimulated radiation be- 
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FIG. 1—Block diagram of basic laser ranging system 
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our gins sooner. This corresponds to 


FIG. 2—Receiver preamplifier (A); trigger preamplifier (B); and flash higher power operation. Cutting off 
tube power supply (C) the light pulse will end the stimu- 
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lated emission from the _ ruby. 

Since it is desired to have few 
high-powered pulses, and it is de- 
sirable to turn off the pump flash 
as soon as possible after this has 
been achieved to conserve tube life, 
the present mode of driving is an 
improveme:t. 

The simplest possible system was 
used for collecting and presenting 
the returned signals (Fig. 1). The 
returned signals are collected by 
an 8-in. telescope and, after being 
passed through a narrow (13 A) 
filter, are focused onto the cathode 
of a type 7326 multiplier phototube. 
A transistor preamplifier in the 
multiplier phototube housing am- 
plifies the 7326 output by about 
100. The resulting signal is then 
more than ample for presentation 
on an oscilloscope using a dual- 
beam preamplifier. 

To start the oscilloscope sweep 
at the time of the transmitted light 
pulse, a second multiplier photo- 
tube, type 6217, receives a small 
sample of light from the transmit- 
ted light pulse by a wire scattering 
grid. The anode signal of the 6217 
is amplified, inverted and used to 
trigger the oscilloscope sweep. The 
same signal is presented on the 
lower beam of the oscilloscope so 
that the pulse train can be com- 
pared directly with the received 
pulse to measure the time delay be- 
tween transmission and reception. 

The RCA type 7326 multiplier 
phototube was used in the receiver 
after a comparison of the charac- 
teristics of many types of photo- 
tubes showed it to have the great- 
est absolute sensitivity at the wave- 
length, 6943 A, of the laser output. 
Since the system uses a narrow in- 
terference filter in the optical sys- 
tem to exclude light at other than 
6943 A, this choice was definitely 
indicated. 

The 7326 has the best ratio of 
gain to dark current when it is op- 
erated at a total supply voltage of 
about 1,800 v, and although this 
system is not dark current limited 
when used in the daytime, a source 
of 1,800 volts was easily obtained 
and was used. Nighttime operation 
is spectacular but of less interest. 
The apparatus was constructed in 
such a way that the 7326 could be 
cooled to reduce the dark current. 
This would only be done if long 
nighttime ranges were desired or 
if such narrow optical filters could 
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be obtained that sunlight noise 
would no longer be important in 
the daytime. 

Use of a dual-beam preamplifier 
with an oscilloscope allows the out- 
put of the 7326 to be presented di- 
rectly without further amplifica- 
tion. However, such operation is 
marginal and for best performance 
the use of a preamplifier at the 
phototube is desirable. This is par- 
ticularly true if maximum range 
accuracy is desired. The rise time 
of the output pulse from the laser 
can be of the order of a few nano- 
seconds. Thus best use of the 
equipment requires elimination of 
long leads of high capacitance be- 
tween the phototube and the oscil- 
loscope. 

To overcome this difficulty and 
to achieve an overall system rise 
time comparable to that of the os- 
cilloscope, a transistorized pream- 
plifier was built (Fig. 2A). Volt- 
age gain is about 100, output im- 
pedance is about 200 ohms, and 
output dynamic range is about 1.5 
volts for negative input signals 
when the cable that connects the 
unit to the oscilloscope is termi- 
nated with 220 ohms. This termi- 
nation is desirable if the effect of 
reflections in the connecting line 
is to be eliminated. Rise time of 
amplifier ranges from 20 to 30 
nanoseconds. Noise figure of the 
unit is not exceptional, the esti- 
mated value is about 14 db. How- 
ever, this is much smaller than the 
size of the typical dark-current 
pulses and therefore is of no con- 
cern. 

A preamplifier has also been in- 
cluded in the trigger multiplier 
output. This unit is a conventional 
vacuum-tube amplifier and cathode 
follower (Fig. 2B). Its purpose is 
somewhat different than that of the 
preamplifier used with the receiver, 
since the signal seen by the trigger 


FIG. 3—Waveforms show trans- 
mitted pulse train at bottom and 
echo at top, with a scale of 2 usec 
per cm 


phototube circuit is strong and 
there is no need for additional gain. 
However, there is need for a rea- 
sonably large signal, 10 to 20 v, to 
get trouble-free operation of the 
oscilloscope sweep trigger circuits. 
In addition, a sharp leading edge 
on the reference signal pulses is 
desirable for range measurements. 
The preamplifier allows both these 
objectives to be reached in a simple 
way. 

A variable pulse-forming net- 
work produces rectangular pulses 
of current through the flash tube 
(Fig. 2C). The coil is 160 turns 
of 4-in. square wire on a fiber glass 
form 36 in. long by 3 in. in di- 
ameter. Total inductance is 200 
mh. There are sixteen 25-yf 400- 
volt capacitors connected to form 
eight sections of 12.5 uf at 8,000 
volts. This gives a maximum 
energy storage of 3,200 watt- 
seconds. The coil is tapped at equal 
intervals to form eight sections of 
25 wh each. The characteristic im- 
pedance of each section of the net- 
work and of the line is 1.4 ohms. 

If the line is discharged through 
a load of this impedance, the volt- 
age across the load will be rectang- 
ular pulse of one-half the charged 
voltage with a duration of 35 psec 
per section. Thus the discharge 
through the flash tube will be rec- 
tangular pulses adjustable in eight 
35-usec steps up to 280 usec in 
length and with an amplitude up to 
4,000 volts. When the full length 
of the coil is not used, intermediate 
taps permit adding half-sections 
by connecting two capacitor sec- 
tions in series (6.25 uf). 

The line must be charged to 
twice the discharge voltage. As a 
result, the stand-off voltage of the 
flash tube is exceeded and normally 
it would self-flash before the line 
could be charged. To prevent this, 
an ignitron is used as a switch to 
discharge the network. A trans- 
former in the ignitron ignitor lead 
provides an ionizing trigger for 
the flash tube. 

Typical performance with the 
present crude breadboard is 2 or 
8 miles for daylight operation 
against diffuse targets such as 
stucco walls or painted wood sur- 
faces. Figure 3 shows a trace that 
brings out the relation between 
transmitted and reflected signal. A 
scale of 2 usec per grid indicates a 
range of about half a mile. 
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Prepunched cards are kept in drawers at bottom of tester. Indicator lamp patterns and meter 
readings printed at bottom of cards are exposed during tests 


PREPUNCHED CARDS TEST 


Multipurpose testing unit can be used by relatively unskilled personnel, is 
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OUTPUT FRONT PANEL 
STIMULUS DETECTING LAMPS 
SIGNAL AND 
GENERATORS EVALUATING 


FRONT PANEL 
CIRCUIT 


METERS 


*~—TOTAL NUMBER 
OF FUNCTIONS 


SENSOR POSSIBLE = 102 


OF LINES TO 
MODULE = 32 


MODULE UNDER TEST 
FIG. 1—Test signals are passed 
through sensor (prepunched card) to 
module under test. Module output 
signals are indicated by front panel 
lamps and meters 
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RETENTION of experienced electronic 
maintenance personnel is a serious 
problem facing the military serv- 
ices. Since the drain of such trained 
manpower into industry cannot be 
stopped in the foreseeable future, 
it is necessary to attack the problem 
from the test equipment end by 
using test systems which can per- 
form tasks usually performed by 
highly-skilled technicians. Such 
equipments can automatically iso- 
late faults and indicate the defec- 
tive unit to a relatively low-skilled 
operator. 

Present electronic weapons sys- 
tems are so complex that they de- 
mand advanced test equipments 
which can quickly isolate faults 
without the intervention of an op- 


erator. The module analyzer cov- 
ered in this article, performs 
dynamic go, no-go tests on all re- 
movable modules in Air Force data 
link systems, both airborne and 
ground. It is completely self-con- 
tained, and is programmed by 
punched cards. 

The tester is similar in operation 
to a tube tester. After an suspected 
module is removed from the data 
link equipment, the technician con- 
nects it to the module analyzer, se- 
lects the program card and places 
the card in the switching device of 
the test set. The switching device 
senses the punched holes in the 
cards and allows the input signals, 
voltages, loads and output evaluat- 
ing and detecting circuits to be 
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FIG. 2—Logic arrangement showing how test signals are passed to the module undergoing test 


DATA-LINK MODULES 


programmed by prepunched card. Unit localizes faults to a particular component 


routed to the pins of the module as 
shown in Fig. 1. Printed on the 
punched program card, together 
with the part number, are the in- 
dicator lamp patterns and meter 
readings observed by the tech- 
nician. Fault isolation is accom- 
plished by observing variations in 
the lamp patterns or the meter 
readings. 

Excitation signals generated 
within the test set are applied to the 
input pins of the test modules. When 
circuits such as binary counters, 
flip flops or shift registers are 
tested, excitation signals similar 
in amplitude and rise time to the 
signals used in the system are pro- 
vided. Repetition rates have been 
reduced as low as one cps to allow 
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indicator lamp readout of the mod- 
ule operation with a minimum of 
circuits. The readout circuit is de- 
signed to load the circuit under test 
as close as possible to that en- 
countered during operation. 

As an example a binary counter 
stage designed for frequencies 
ranging from d-c to 150 Ke and 
with input rise time of approxi- 
mately 0.4 microsecond can be 
tested as follows: The punched 
card sensor switches d-c voltages, 
input signals and readout devices 
to the pins. The input signal is a 
l-cps square wave of the proper 
amplitude and rise time. A binary 
counter will then count and the out- 
put pins will have their voltage 
level changed every second. Two 


front-panel lamps will alternate 
with each other, each being on for 
one second. 

The output pins are connected to 
indicator lamp amplifiers that illu- 
minate a front panel lamp if the 
clamping diode is open. 

A typical binary counter module 
will contain four bistable stages; 
therefore a total of eight readout 
lamps are provided. An operator 
using the test set to test a four- 
stage binary counter module will 
be instructed by the program card 
to observe the four sets of lamps 
alternating in a prescribed manner. 
A faulty stage is discovered by 
noting the failure of a pair of lamps 
to alternate. Further fault isola- 
tion to the exact component can 
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be accomplished in most cases by 
noting the exact state of the in- 
operative lamps and by observing 
any change in the state of the 
lamps when a front panel reset but- 
ton is pushed. 

Multi-input gate circuits are 
quickly and easily tested. Gates 
with two to eight inputs can be 
tested and troubles isolated to any 
of the transistors following the 
gate, or to any of the input ele- 
ments (usually diodes), by a ring 
counter. The ring counter con- 
sists of five bistable stages mounted 
on printed circuit boards, two 
stages per board. Each stage has 
its six control elements available at 
pins on the connector so that the 
stage can be wired externally as a 
binary counter, flip-flop or shift 
register. Each stage has reset 
diodes that allow for long-term con- 
trol. 

Four stages are used to supply 
square-wave signals for testing 
electronic gates as shown in Fig. 2. 
These signals have an asymmetri- 
cal period of five seconds and the 
period is divided so that the signal 
will cause conduction in the trans- 
istor following the gate for one out 
of five seconds. Furthermore, the 
signals are displaced in time so 
that only one out of the four is at 
the conduction-causing level at any 
one time. See Fig. 3. 

The fifth stage provides a one 
second time slot during which none 
of the four signals are at the con- 
duction-causing level. This is neces- 
sary to show that the transistor is 
not shorted and can be cut off. 

To test gates with up to eight in- 
put elements, the four-ring counter 
signals are increased to eight by a 
relay actuated by the fifth stage of 
the ring counter through an in- 
verter and a counter. 

All or any portion of these eight 
signals are applied through the 
punched card sensor to the input 
pins of the gate being tested. The 
test is started by pushing a front 
panel button. Figure 2 shows the 
arrangement for testing an eight- 
input positive AND gate followed by 
an inverter amplifier. When the 
front panel set button is depressed 
and held lines A, B, C and D of the 
ring counter are at the positive 
level, line E is at the negative level, 
relay K, is deenergized, the shift 
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FIG. 3—Time relationship of ring 


counter waveforms after set button 
operates 


pulses are inhibited, the front panel 
monitor lamp is on and front panel 
lamp /,, driven by an amplifier con- 
nected to pin 9 through S,,, is on. 

When the set button is released, 
1-cps shift pulses start feeding into 
the ring counter. The shift pulses 
also control the monitor lamp. For 
the time between shift pulses (one 
second) the monitor lamp will be 
off for 0.5 second then on for 0.5 
second. This is a blink of the mon- 
itor lamp. During the first blink of 
the monitor lamp after releasing 
the set button, line A has its level 
changed from positive to negative 
and line E changes from negative 
to positive. The A signal is routed 
through the A, contact of relay K, 
and through switches S, and S, in 
the sensor to pin 1 of the gating 
module being tested. Switches S, 
and S,, as well as all other sensor 
switches, are closed by holes in the 
punched card. If D, is good, Q, con- 
ducts and lamp 7, goes out. If Q, 
is bad, lamp /, will either not be on 
when the set button is held in, or 
will not go out when the set button 
is released and the input diode lev- 
els are subsequently changed from 
positive to negative. If D, is bad, 
lamp J, will come on when light /, 
is on. 

During the second blink of the 
monitor lamp, line A returns to its 
positive level and line B has its level 


changed from positive to negative. 
This signal is routed to D, through 
the B, contact of relay K, and 
through S, and S,, in the sensor. 

During the third blink of the 
monitor lamp, line B returns to its 
positive level and line C has its level 
changed from positive to negative. 
This signal is routed to D,. 

During the fourth blink of the 
monitor lamp, line C returns to its 
positive level and line D has its level 
changed from positive to negative. 
This signal is routed to D.. 

If diodes D,, D,, D, and D, are all 
good, lamp 7, will stay off during 
the first four blinks of the monitor 
light after releasing the set button. 

During the fifth blink of the 
monitor lamp after releasing the 
set button, lines A, B, C and D are 
all at the positive level causing 
lamp 7, to come on. At the start 
of the fifth blink of the monitor 
lamp, line E returns to its negative 
level. This signal change is in- 
verted in the inverter amplifier and 
the relay counter is stepped through 
line F. This energizes relay K, 
through the relay driver. Relay K, 
stays energized for the next five 
blinks of the monitor light and 
makes the ring counter output sig- 
nals available in four different 
sensor feeder bars so that D., D,, 
D, and D, can be checked. Positive 
OR gates are tested in a similar 
manner by applying the comple- 
mentary ring counter outputs to the 
posts of another relay. 

Digital-to-analog (DACON) cir- 
cuits can also be checked. Since 
testing of this type of circuit is not 
easily done with lamp readouts, a 
meter has been provided on the 
front panel to indicate the Dacon 
output. A typical Dacon module 
used in data link equipment con- 
verts eight digital bits of informa- 
tion into an analog voltage. The 
tester is capable of testing four 
Dacon stages per card. The test is 
started by pressing and holding a 
front-panel button. With the but- 
ton held in, all the Dacon switches 
are open and maximum analog volt- 
age is developed causing the front- 
panel meter to have a certain up- 
scale reading. When the front panel 
button is released, the digital in- 
formation will start to change, 
causing the bits to be switched in 
and out starting with the least 
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significant bit. The bit changes are 
synchronized with the blinking of 
the front-panel clock light. With 
each blinking of the light the meter 
moves down-scale. If any stage is 
inoperative the meter will cease to 
move down-scale during that par- 
ticular time slot and will advance, 
allowing the operator to quickly 
recognize the error. 

The analyzer is capable of testing 
approximately 180 different mod- 
ules and three relay packs. The 
unit can be rapidly self-checked. 
The sensor is interlocked to prevent 
damage in case the switching bars 
are engaged without a card. The 
small unit size was made possible 
by incorporating a switching device 
in the form of the punched card 
sensor (Fig. 4.) This device is es- 
sentially a static full-card scanner 
which can direct any of 105 input 
signals to any of 64 output pins, 
depending upon the program on the 
inserted punched card. The rela- 
tively small and _ easy-to-operate 
sensing device obviates the use of 
patch boards which are both cum- 
bersome and subject to 
error. 

The sensor is simple in construc- 
tion. Its main parts are an upper 
movable plate with contact pins, 
lower stationary plate with special 
board and sliding drawer that posi- 
tions the punched card properly be- 
tween the plate and the printed 
board. A simple spring-lever sys- 
tem lowers and locks the top plate 
and allows the contact pins to sense 
the holes in the card. The operator 
can then read the printed data on 
the visible portion of the card and 
compare it to the repetitive light 
display. The drawer is mechanically 
interlocked to prevent the top plate 
from being lowered when the card 
drawer is not positioned properly. 
It is electrically interlocked, so that 
the d-c voltages are present in the 
sensor only when there is a card in 
the drawer and the drawer is in the 
proper position. 

The sensor can sense 765 holes in 
a card, with the 11th and 12th rows 
used for the printed instruction to 
the operator. The signals are routed 
to the connector under test. The 
input signal enters through a large 
connector at the rear of the sensor 
and is then directed through the 
lower independent contacts, the 
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punched card, and to distribution 
bars in the top plate. It is then 
routed to the feeder bar to which 
the distribution bar is attached. 
Since all the contacts on the feeder 
bar are common the same signal 
can be applied to all or any of the 
printed strips on the bottom printed 
circuit board. The signal can then 
be routed to the required pin on the 
board under test. This provides 105 
input signals broken up into 15 
groups of seven each, each group 
directed to one of 15 feeder bars, 
each of which in turn covers 32 
printed strips. There are five other 
feeder bars which route the five 
most commonly used voltages, mak- 
ing a total of 20 bars. 

An obstacle commonly encoun- 
tered in static sensors is the poor 
reliability of straight-through con- 
tact pins. High contact resistance 
or dust particles can interrupt a 
signal, particularly when the signal 
is a low-voltage, low-current wave- 
shape. This obstacle is avoided in 
the punched card sensor by the use 
of special chemically milled and 
plated contacts that impart a posi- 
tive wiping action by their shape. 
Another area of difficulty is the ex- 
treme tolerance problem presented 
when attempting to get one pin into 
each hole. The problem is allevi- 
ated by having several common con- 
tacts wipe into each hole. It then 
becomes impossible for the contact 


to hang up on the edge of the hole 
in the card. The contacts in the 
sensor are clipped in place so that 
they can be easily replaced. The 
sensing device can be used when- 
ever there exists a need to obtain 
many pieces of information at one 
time or when it is desirable to elimi- 
nate patch boards and other bulky 
switching methods. 

The design concept used in the 
present tester permits the testing 
of different size printed boards. 
The connectors are mounted in 
three separate module drawers each 
of which can be removed from the 
unit for servicing. When a board 
becomes obsolete and is no longer 
used, its connector and plate can 
easily be replaced by a new type by 
removing the module drawer. Thus 
a unit in the field can be kept up to 
date. 

Cards are stored in drawers in 
such a way that the identifying 
number on each card can be easily 
seen. At the same time the cards 
cannot be bent or torn accidentally. 

The circuit is convenient to serv- 
ice since all components, including 
the power supply, are mounte? on a 
swingout chassis. 

The test set can easily be modi- 
fied to handle the testing of sub- 
assemblies from other medium- 
speed digital systems. Such modi- 
fications would be slight for sys- 
tems using the same logic levels. 


TRIBUTION BARS (15) 


E 10 EACH SIDE 
—- 
INDEPENDENT : 


CONTACTS (105) 


oe INPUT 
ve 





SIGNALS 


FIG. 4—Punched card sensor (upper right) with interior of sensor (lower 
right). Mechanical details of signal routing shown at left 
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couple are compared 
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RECENT ADVANCES in thermoelectric 
material technology have made Pel- 
tier-effect coolers practical. A dis- 
advantage of most coolers has been 
the requirement for large currents 
(15-25 amp) at low voltage (0.1- 
0.5 v); however by reducing the 
cross sectional area of the thermo- 
electric elements and connecting 
many small elements in series, cool- 
ers can be operated at currents of 
0.5 to 3 amp at 3 volts or less. 

The first step in building a ther- 
. moelectric couple is to survey the 
availability of thermoelectric mate- 
rials. Semiconductor material can 
be obtained with a Z value of 0.0025 
to 0.003. A simple couple was con- 
structed from a bismuth telluride 
alloy having the parameters, listed 
in Fig. 1. Because the cross-sec- 
tional areas of the two legs were 
approximately equal, the couple was 
optimized (Eq. 5 in box) by vary- 
ing the lengths of the two legs. 
Figure 1 shows the theoretical and 
experimental results. 


* Now with Jepson Thermoelectrics Inc 


** Now with Space Technology Labora- 


tories 
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As seen in Fig. 1, there is a draw- 
back to the use of the couple in an 
airborne or space vehicle—high 
current and low voltage require- 
ments. Equation 6 suggests the 
feasibility of reducing the cross- 
sectional areas of the legs of the 
couple and then connecting many 
small couples in series without a 
sacrifice in efficiency. For example: 
Eq. 1 through 6 and the material 
parameters of Fig. 1 give the 
results in Table I. 

Columns (A) and (C) show re- 
sults that can be expected from a 
single couple of 0.25 cu in. of ma- 
terial. Columns (B) and (D) show 
the results using an equal volume 
of material (0.25 cu in.), but with 
128 series connected couples instead 
of one couple. Comparison of col- 
umns (E) and (C) indicates that a 
large temperature differential can 
be achieved with small input power, 
if the low-current couple is used in- 
stead of the high-current couple. 

Table II compares the experi- 
mental results of four series con- 
nected couples, diced from 5 mm 
dia stock, with a single couple made 
from the same stock. 

Several devices were fabricated 
using low-current couples. One was 
a small chamber to control the tem- 


Construction details of three-stage 
cooler 


perature of a quartz crystal. This 
prototype chamber was designed to 
maintain the temperature of a crys- 
tal at +20 C while the ambient var- 
ied from 0 C to 40 C. It required a 
current of only 200 ma for cooling 
and slightly less for heating. Sev- 
eral other chambers have been de- 
veloped for controlling the tempera- 
ture of oscillators, discriminators, 
parametric amplifier diodes and an 
infrared detector cell. 

The Peltier cooler for the infra- 
red cell reduced the temperature 
to —77 C from an ambient of +25 C 
by using three stages of cooling. 
The technique of arranging a num- 
ber of thermoelectric couples into 
stages such that the hot junction 
of the first is cooled by the cold 
junction of the second, and so on, 
makes it possible to attain a greater 
temperature differential: than with 
a single-stage cooler. Stages are 
thermally in series, and can be con- 
nected either electrically in series 
or electrically in parallel. 

After a theoretical study, several 
three-stage coolers of each type 
were constructed. With coolers con- 
nected electrically in series, there 
were two major problems. One 
problem was to find a method of 
electrically insulating one stage 
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FIG. 2—Common configurations 
used in three-stage coolers 


from another, while maintaining a 
good thermal path. The second 
problem was to make the electrical 
connections from stage to stage, 
while eliminating the usual leads 
and their heat load. With coolers 
connected electrically in parallel, 
there were also two problems. One 
consisted of the current unbalance 
in the outer legs of the two lower 
stages, and the other was the ex- 
tremely high current requirement. 
Figure 2 shows both coolers. 

To overcome some of the prob- 
lems, a hybrid cooler was con- 
structed in which the top two stages 
were connected electrically in par- 
allel and they, in turn, were con- 
nected in series with the bottom 
stage. The heat load as seen by 
the top stage was assumed to be 
0.125 w. Table III gives the design 
parameters for the cooler. 

As Table III indicates, a tem- 
perature gradient of 5 C was ex- 
pected between the infrared de- 
tector cell and the cold junction of 
the top stage, and a 16 C gradient 
between the hot junction of the bot- 
tom stage and the heat sink. By 
putting the bottom stage electrically 
in series, rather than parallel with 
the top two stages, the current re- 
quirement was reduced from over 
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THERMOELECTRIC POWER 


The thermoelectric power of an p-n semiconductor couple is S = 8) — 8». 
Electrical resistance of the couple is R = rp + 7x and the thermal conduct- 
ance K = k, + kn. Lengths and cross sectional areas of the legs are Ly», In, 
A, and An. 
The useful cooling is 
Qnet = ST.I —4122R —K (T, — T.) (1) 
The required input power is 
P =I(IR+8S(T; — T.)) (2) 
where IR corresponds to the voltage drop across the cooler when the tem- 
perature difference between the hot T, and the cold T. junctions is zero, 
and the second term in the brackets corresponds to the back emf or Seebeck 
effect induced in the cooler due to the temperature differnce between the 
hot and the cold, junctions. 
A measure of the efficiency of the thermoelectric couple is given by the 
coefficient of performance (COP) 


COP = Que _ ST.1 —§2°R — K (7, — T.) 

gta) iris ’?R+ SI (T, — Te) 
The COP varies with the current; maximum COP can be determined by 
differentiating Eq. 3 with respect to I and equating to zero. This yields, 


(3) 


r, 
T.—T.\ N+] (4) 
where N = [1+ 1/2 Z (T, + T.)]! and Z = S*/KR. Parameter Z is the 
figure of merit controlling the value of the COP for a given temperature 
difference and is maximized when the product KR is a minimum. Because 8», 
En} Pp» pn; Kp, kn, are not variables for a given material, the ratio of the 
couple’s lengths to cross-sectional areas must be used to minimize KR. 
Assuming that A, = An, the product KR may be written KR = k,/Ly + 
ken (pplsp + palin) / Ln 

When this is differentiated with respect to L,/Ln and equated to zero, the 
ratio of lengths which will make KR a minimum is 


L» La = Vv kp Pn kn Pp (5) 


COP max = 


Under these conditions 


KR = [(kp pp)? + (kn pn)®?P 
And 
Zmax = S*/[(kp pp)? + (kn pn)! (6) 

From Eq. 6 it is evident that COP max is independent of the geometry and 
the volume of material. 

One of the prime considerations in using Peltier cooling devices in air- 
borne or space applications is the current required to produce a given 
cooling effect. If Eq. 1 is rearranged such that, 


: ae ; 
Th — Te = se (STeI — 41° R — Ques) 


and differentiated with respect to I and equated to zero, we obtain the 
current which will make T, — T. a maximum. The result is 

I (Th s T Jesiea = ST. R (7) 

Of equal interest is current which will make Queer a maximum. If Eq. 1 
is differentiated with respect to I and equated to zero, we find, 

T qmax - ST. R (7) 

Here we see that the current which produces a relative maximum (T, — 

T.) also produced a relative maximum Qnet. The absolute maximum 


(T, — T.) occurs when Qnet = 0 and the absolute maximum Qner occurs 
when (T, — T.) = 0 








TABLE I—COMPARISON OF THERMOCOUPLE CHARACTERISTICS 


Column A B 


Cc D E 





N 1 128 

L yy" \Yy%" 

A "x" ve” x ve” 

L=A 0.197 25.2 

0 21.2 w 21.2w 
0 0 

I 328 amp 2.56amp 

V 0.129v 16.5v 

P 42.4w 42.4w 

COP 0.5 0.5 


0 

78 C 
242amp 
0.129v 
31.2w 

0 


N = number of couples connected in series 


TABLE II—SINGLE VS SERIES 





N 1 4 

L 4" 4" 

4 0.196" dia. 0.138 x 0.055” 
L/A 3.24 12.95 

Ata ROU 75.4 C 

I 15.5amp 3.9amp 

V 0.135v 0.56v 

P 2.1w 2.2w 


60 amp to 18.6 amp. The bottom 
stage was electrically insulated 
from the top two stages by a thin 
sheet of anodized aluminum which 
resulted in a negligible tempera- 
ture drop between stages. The cur- 
rent unbalance in the second stage 
was overcome by decreasing the 
L/A ratio of the outer two legs. 
The series electrical connection be- 
tween the second and bottom stages 
was made from the outer legs at 
the hot junctions on the second 
stage, to the cold junctions of the 
bottom stage. 

Test results for this three-stage 
cooler show that the current peaks 
at 16.5 amp instead of the calcu- 
lated 18.6 amps with a resulting 
temperature differential of 144 C 
instead of 122 C. This indicates a 
change in the material parameters 
with the reduction in temperature. 
Further testing verified that the 
material parameters do change, and 
in such a manner that Z increased 
with decreasing temperatures. 

Using the test data from this 
hybrid unit, a low-current, low- 
power, three-stage cooler was de- 
signed with all three stages con- 
nected electrically in series. 

Design parameters for the cooler 
were: the load on the top stage 
was 0.125 w; the cell must be cooled 
to —78 C from an ambient of 
+25 C; and the device current 
should not exceed 4 amp. 


60 


Two considerations dictated that 
the top stage should consist of two 
couples. First, since the cell was 
15 mm in diameter the use of two 
couples would provide a more sub- 
stantial mounting base for the cell. 
Second, to realize a useful tempera- 
ture differential across the top 
stage it was necessary to reduce 
the top stage couple loading. An 
L/A ratio of 12 had been chosen. 
With a load of 0.125 w, a single 
junction would not produce a large 
enough temperature differential. 
By using two couples, the load per 
couple is one half the former top 
stage load and a satisfactory tem- 
perature differential is produced. 

To reduce the tooling to fabricate 
the couples the same L/A was used 
for all stages. This introduces some 
degradation since it does not permit 
optimizing each stage. This degra- 
dation is offset, however, by the 
increase in Z with decreasing tem- 
perature. The value of [cry reymax fOr 
the top stage was calculated and 
used for the other two stages. 

With the top stage cold junction 
at 190 K and an L/A of 12, the 
I rr-teymax fOr this stage is 3.52 amp. 
By rearranging Eq. 1. 


(T, — T.) = (T.I — 32? R —Q/N)/K 


TABLE III—DESIGN PARAMETERS 


Top Stage 


Innercouple 


(T, — T.) for the top stage is 32 C 
so (T.) for the second stage is 
222 K. The input power to the top 
stage can now be calculated from 
Eq. 2. This power, 0.517 w, plus 
the top stage load gives a second 
stage load of 0.64 w. Under these 
conditions top stage COP is 0.24. In 
a multiple stage cooler maximum 
efficiency is obtained when all stages 
have the same COP and for this 
reason a COP of 0.24 was used for 
all stages. 

To calculate (7,) for the second 
stage the following equation is 
derived 


— 3 (ST.)?+(kp+kn) (option) Te 

S? T.COP+(kp+kn) (ppt pn) 
Using this equation, 7, for the 
second stage is found to be 252 K 
giving a temperature differential of 
32 C across this stage. The heat 
pumping capacity of a couple in 
the second stage is 0.103 w using 
Eq. 1. Since the load on this stage 
is 0.64 w seven junctions are re- 
quired. The input power is 1.808 w 
giving a bottom stage load of 
2.45 w. 

Equation 8 is used again to calcu- 
late the bottom stage 7, which is 
296 K giving a temperature drop 
of 44 C across this stage. The heat 
pumping capacity of a couple in the 
bottom stage is calculated to be 
0.115 watt and since the load on 
this stage is 2.45 watts, the stage 
requires approximately twenty-one 
junctions. Twenty-five junctions 
were used to provide a margin of 
safety. The input power to this 
stage is 6.85 w and the load into the 
heat sink is 9.3 w. 

Under test, this cooler reduced 
the temperature of the infrared de- 
tector cell to —77 C from an am- 
bient temperature of +25 C at a 
current of 2 amp and a voltage of 
2.5 Vv. 


Tr (8) 





3-STAGE COOLER 


Middle Stage 
Outercouple 


Bottom 
Stage 





] I 
0.250 0.201 
0.120” x 0.120” 
6.78 3.9 
—83 C 
—53C 
6.2 amp 
0.097Vv 
0.599w 
0.209 


12.4amp 


0.135” x 0.150” 


1 8 

0.201 0.291 
0.196” dia 0.196” dia 
2.6 3.08 
-u4Cc 
+39C 
18.6amp 
L.lv 
20.5w 


0.209 


18.6amp 
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Measuring Frequency Stability 
Of Pulsed Signals 


measured as a pulse-to-pulse rms deviation, without synchronization 


or frequency reference from a signal source 


By R. H. HOLMAN 
R. B. SHIELDS 


Syracuse University Research Corp., 
Syracuse, N. Y 


THE USUAL WAY to measure short- 
term frequency stability, known as 
incidental f-m, of pulsed r-f sys- 
tems is to measure the stability of 
the c-w drive to the pulsing am- 
plifier. However, the pulsing 
stages are power amplifiers, either 
klystrons or traveling wave tubes 
for microwave signals, and pulsing 
and amplification adds to the phase 
or frequency instability of the sig- 
nal. Thus, the final stability is not 
determined by measuring only the 
c-w before pulsing. This points to 
the need for a technique to meas- 
ure short-term frequency stability 
of pulsed signals. 

A time-domain measurement of 
pulsed signals is suggested because 
a frequency instability results in a 
pulse-to-pulse phase variation. 
(The variation from linear phase 
progression is the phase change 
referred to here.) Since a stable 
reference at the correct frequency 


Equipment on the table 
consists of the variable co- 
herence signal generator, 
pulsed signal coherence 
tester and stability tester. 
Under the table is the 
pulse generator for the 
signal generator 


is not always available, a pulse-to- 
pulse phase shift measurement 
without a c-w reference is desir- 
able. A measurement of pulse-to- 
pulse phase change per interpulse 
period can be interpreted as the 
first approximation of the deriva- 
tive of phase modulation. This 
measurement is that of the fre- 
quency modulation function. Thus, 
if successive incidental phase 
changes are measured, an f-m 
waveform can be reconstituted. A 
measurement of this type furnishes 
a time-domain record of the short- 
term frequency instability which 
can be spectrum analyzed if a fre- 
quency domain interpretation is 
desired. 

To measure pulse-to-pulse phase 
change, the phase of each r-f pulse 
must be remembered between 
pulses to be compared with the next 
pulse. In the circuit of Fig. 1A 
the phase of signals from two free- 
running cohos (coherent  oscil- 
lators) oscillating at an intermedi- 
ate frequency are continuously 
compared in a phase detector. (The 
i-f signal is obtained by mixing 


The phase difference is 


the unknown signal with a stable 
local oscillator signal.) The pulsed 
i-f is then switched so that the 
pulses are alternately connected to 
the two cohos. Thus, the first pulse 
locks the phase of coho A, the sec- 
ond pulse locks the phase of coho 
B, the third locks the phase of coho 
A again, and so on. The phase de- 
tector output is a continuous meas- 
ure of the pulse-to-pulse deviation. 
The data hold-over during the in- 
terpulse period is done by the cohos 
and phase detector. An rms meter 
indication of the phase detector 
output gives a measurement of the 
rms phase-deviation. 

It is desirable to use the pulse- 
to-pulse phase shift measurement 
to obtain the derivative of the in- 
cidental phase modulation, which 
is by convention the incidental fre- 
quency modulation. The frequency 
modulation function is approxi- 
mated by 

je: 1 dé ~ 


2x dt 


where Ad is the  pulse-to-pulse 
phase shift and 1/T is the pulse 
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FIG. 1—Block diagram of system for measurement of rms phase deviation 
using cohos for phase memory (A); unipolar phase detector (B); response 
of unipolar phase detector (C), with V, indicating the operating point of 
bipolar phase detection; and bipolar phase detection from a unipolar phase 


detector (D) 


repetition frequency. The fre- 
quency modulation, f, is an alge- 
braic quantity, the sign of which 
is determined by the sign of Ad. 
This sign indicates whether the 
instantaneous r-f frequency has de- 
viated plus or minus from the av- 
erage frequency. If it is found that 
the phase of a received pulse leads 
that of the remembered phase of 
the previous pulse, then the r-f 
frequency has deviated and is 
higher than the average frequency. 
Thus, to obtain a frequency de- 
modulation of the instability it is 
necessary to measure both the mag- 
nitude and direction of the pulse- 
to-pulse phase shift. 

This requires the use of a bi- 
polar phase detector. The response 
of a unipolar phase detector (Fig. 
1B) is shown in Fig. 1C. Such a 
phase detector cannot measure 
whether the phase of an r-f pulse 
leads or lags the remembered 
phase of the previous pulse. Fig- 
ures 1C and 1D show how a uni- 
polar phase detector is used for 
bipolar phase detection. By intro- 
ducing a delay in one of the phase 
detector inputs the operating point 
is shifted on the phase detector 
response curve and the output 
voltage V, corresponds to this op- 
erating point, indicating a zero 
pulse-to-pulse phase shift. Plus or 
minus phase shifts are indicated 
by voltages higher or lower than 
V,. Voltage V, can then be sub- 
tracted out by a d-c block and the 
resulting phase measurement is 
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bipolar. 

When cohos are used for phase 
memory, the immediate i-f pulse 
and the remembered pulse alter- 
nate between the phase detector in- 
puts. This means that for a train 
of pulses where the phase of each 
pulse leads that of the last (a 
progressive increase in pulse-to- 
pulse phase), the phase detector 
output would indicate that there 
was first a lag. To correct for this 
switching of the immediate and 
remembered phases at the input of 
the bipolar phase detector, the out- 
put of the phase detector must be 
inverted on alternate r-f pulses. 

A system for stability measure- 
ment of pulsed signals using these 
techniques was built in breadboard 
form. 

A functional block diagram of 
the pulsed signal coherence tester 
is shown in Fig. 2A, together with 
a stalo (stable local oscillator) re- 
ceiver. A_ stalo receiver is a 
receiver with local-oscillator stabil- 
ity (coherence) such that devia- 
tions in this oscillator phase (or 
frequency) over the sampling in- 
terval will not be significant in 
terms of those encountered in the 
incoming signal. This condition is 
necessary because the phase devia- 
tions of the receiver local-oscillator 
are inherently added to those of 
the incoming signal in any super- 
heterodyne receiver. In this dis- 
cussion it will be assumed that the 
stalo receiver converts the incom- 
ing signal frequency to a 30-Mc 


intermediate frequency without 
degradation of signal coherence. 

The pulsed signal coherence 
tester consists of a control group, 
coho group, and meter group. The 
control group provides an auto- 
matic gain contro] that functions 
so that the i-f pulses arrive at the 
coho group with a constant ampli- 
tude, switching voltages that allow 
the cohos to be locked alternately 
by the i-f pulses, and sampling- 
time triggers for the boxcar, which 
is a part of the meter group. The 
coho group accomplishes the pulse- 
to-pulse phase memory and phase 
comparison. The meter group pro- 
cesses the phase-detector output, 
provides an oscilloscope display and 
recording of the pulse-to-pulse de- 
viation, and presents its rms value 
on a panel meter. 

The control group provides a 
constant amplitude injection or 
lock pulse required for proper 
phase locking of the cohos along 
with timed i-f switching voltages 
and boxcar sampling triggers. This 
timing is such that the i-f switch- 
ing and boxcar detecting is done 
during the interpulse period, that 
is, at some time other than when 
a coho is being locked. Figure 2B 
is a block diagram of control group 
and Fig. 2C, a waveform diagram. 
Letters on the two diagrams es- 
tablish a correspondence between 
the waveforms and their location 
in the circuit. 

To obtain an age that responds 
to i-f pulse amplitude, the i-f pulses 
are first video-detected. The video 
pulses are then lengthened by a 
pulse stretcher, amplified and recti- 
fied to obtain the age feedback bias 
to the i-f amplifier. 

The video is also used to obtain 
a variable delay trigger that gener- 
ates the switching voltages and 
boxcar triggers. The video first 
triggers a blocking oscillator. The 
constant-width pulse out of the 
blocking oscillator renders the re- 
maining part of the circuit inde- 
pendent of the original i-f pulse 
width. The _ blocking oscillator 
pulse triggers a one-shot multi- 
vibrator, the output of which is 
differentiated and rectified so that 
a single delayed trigger is obtained. 
This delay is variable from six to 
forty usec to accommodate a range 
of pulse widths and prf’s. The de- 
layed trigger is then amplified and 
supplied to the switching voltage 
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"IG. 2—Block diagram of pulsed signal coherence tester and stalo (stable local oscillator) receiver (A); block dia- 
sram of control group (B); and control group waveforms (C) 


flip-flop. The switching voltage 
flip-flop is a bistable multivibrator 
whose two outputs are either zero 
or —20 volts. The outputs, which 
reverse with each trigger incident 
on the flip-flop are fed to the coho 
group to perform the i-f switching 
and are used to obtain the boxcar 
sampling triggers. For this, each 
output is differentiated and recti- 
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fied, thus providing two triggers at 
half the prf. One trigger lags the 
other in time by the pulse repeti- 
tion interval. 

Shown in Fig. 3A is a detailed 
block diagram of the coho group. 
This group consists of two identi- 
cal channels, each containing a 
switch-injector, coho and switch 
amplifier. 


Four circuit functions are in- 
corporated in the coho group: i-f 
switching, locking-pulse injection, 
use of a stable i-f oscillator with 
locking ability, and phase detec- 
tion. 

Switching of i-f signals can be 
done with a 6AS6 pentode in which 
both the first grid and suppressor 
grid have sharp cutoff character- 
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FIG. 3—Block diagram of coho (coherent oscillator) group (A); schematic of injector and coho (B); and block diagram 


of meter group (C) 


istics. The signal is applied to the 
first grid and the switching volt- 
age to the suppressor grid. With 
an incident i-f signal of two volts 
peak-to-peak or less into the switch, 
a negative switching voltage of 20 
volts d-c will bias the tube off. 
The injector as shown in Fig. 3A 
isolates the coho from the input 
in the absence of a locking pulse, 
and in the event of a locking pulse 
furnishes enough energy to lock 
the coho. A high degree of input 
isolation is required so that the 
coho stability is not degraded by 
input noise. The isolation is ob- 
tained by biasing a 6AH6 pentode 


to cutoff and supplying a locking 
pulse with sufficient amplitude to 
allow the pentode to conduct dur- 
ing the positive swings of the sig- 
nal. Injection is at a high imped- 
ance level from the plate circuit of 
the injector to the plate of the coho. 

Two requirements dictated coho 
design: short-term frequency sta- 
bility and locking ability. Short- 
term frequency instabilities in the 
cohos limit the sensitivity of the 
tester. Locking ability, or ease of 
locking, governs the amplitude of 
injection signal, the pulse widths 
that can be accommodated and the 
allowable i-f tuning error. A 


high-Q crystal oscillator would best 
satisfy the stability requirement 
but is difficult to lock. 

The connected-cathode oscillator 
shown in Fig. 3B was chosen as 
a compromise between stability and 
locking ability. These oscillators 
have stabilities of less than 5 cps 
deviation at 30 Mc. If the tester 
were used against a signal at 1,000 
Mc, 5 eps deviation on the coho 
implies that only stabilities of less 
than 5 parts in 10° could be 
measured. 

The connected-cathode oscillator 
can be locked with pulse widths of 
less than one psec for small tuning 


FIG. 4—Sample measurement, showing tester output (A) with horizontal 
scale of 0.2 v per cm, and tester phase detector calibration (B) with hori- 


zontal scale of 2 v per cm; waveforms demonstrating the tester as an f-m 
detector, with sawtooth (C, top) and square wave (D, top) phase-modulat- 
ing voltages, demodulation by the pulsed signal coherence tester (C and D, 


center), and demodulation by the stability tester (C and D, bottom) 
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errors and with 2-ysec pulses for 
tuning errors of 10 Ke. 

The cohos are tuned by varying 
the bias on a voltage-tunable ca- 
pacitor in the tank circuit of the 
oscillator. 

A 6BN6 coincidence tube is used 
as a phase detector. The tube con- 
ducts only when both grids are 
positive. It switches rapidly from 
zero conduction to full conduction 
so that, with signals applied to the 
grids, the tube current is a series 
of constant amplitude pulses whose 
width is proportional to the dis- 
tance between zero crossings. These 
pulses are averaged; the resulting 
d-c value is proportional to z ra- 
dians minus the phase difference 
between the signals applied to the 
grids. 

To demonstrate and calibrate the 
response of the phase detector, two 
nominal 30-Mc signals whose dif- 
ference is an audio frequency are 
fed to the phase detector. Since the 
phase difference between these two 
signals is a linearly increasing 
function of time, the phase detector 
output is a sawtooth wave at the 
audio. difference-frequency, as 
shown in Fig. 1C. The amplitude 
of this sawtooth wave represents 
a radians. 

It is desired that the phase de- 
tector not only measure the magni- 
tude of the pulse-to-pulse phase dif- 
ference but also its direction. It 
should determine if the phase of a 
received pulse leads or lags that 
of the preceding pulse. To get bi- 
polar response, the phase detector 
is operated at the 7/2 point for 
coho group input signals with the 
same phase. This is done by creat- 
ing a delay unbalance in the coho 
group channels of approximately 
7/2 radians. Thus a lead or lag in 
one of the inputs will result in the 
phase detector output becoming 
less than or greater than the out- 
put at 7/2. 

Since the average pulse-to-pulse 
phase difference is zero, the d-c 
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operating point of the phase de- 
tector is 7/2 radians, which is then 
d-c blocked. The phase detector 
output is a bipolar video, the direc- 
tion of which is indicative of the 
direction of each  pulse-to-pulse 
phase shift. 

However, this presupposes that 
one channel is taken as the refer- 
ence, which is not the case, since 
each channel alternately contains 
the phase of the received pulse and 
previous pulse. The result is that 
the phase detector output must be 
inverted for every other pulse. 
This processing is accomplished 
by the meter group. 

Figure 1C shows that the phase 
detector response becomes ambigu- 
ous for peak phase differences at 
its input greater than plus or mi- 
nus 7/2 radians. For signals whose 
pulse-to-pulse phase deviation ex- 
ceeds this limitation it can only be 
said that the stability is less than 
a certain value. 

Figure 3C shows a functional 
block diagram of the meter group. 
The video from the phase detector 
of the coho group is processed for 
the boxcar. The boxcar requires 
this video along with its inversion 
at convenient levels from low im- 
pedance outputs. Thus, the video 
patible signal which permits 
through a calibrated level selector 
and amplifier. Then it is inverted, 
with the inverted video balanced 
in level with the uninverted. These 
videos go through cathode follow- 
ers to obtain low impedance inputs 
to the boxcar. The boxcar samples 
the two videos alternately at the 
prf. The boxcar output is then low- 
pass filtered at one half of the prf, 
and displayed on the meter. 

To demonstrate accuracy, the 
tester was used to measure a known 
instability of a signal from a varia- 
ble coherence signal generator as 
monitored prior to pulsing by a 
Laboratory for Electronics model 
5004 stability tester. The measure- 
ment was made of peak deviation 
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since this is what the stability 
tester measures. Although the sta- 
bility tester measures the variable 
coherence signal generator output 
before it is pulsed, the low-level 
pulser does not degrade the stabil- 
ity of the signal generator output 
so that the stability tester and the 
coherence tester measurements 
should agree reasonably well. 

The coherent signal was modu- 
lated with a 500-cps sinewave with 
an amplitude such that its peak de- 
viation as measured by the stabil- 
ity tester was also 500 cps. Figure 
4A shows a display of the tester 
measurement, and Fig. 4B, the 
tester phase detector calibration. 

Peak-to-peak deviation is D,...-, 
= Ad/2xT where Ad = the peak-to- 
peak deviation, and 7 = the pulse 
repetition period. 

The peak-to-peak phase deviation 
is measured from the waveform as 
0.39 volts and phase detector cali- 
bration as 7 radians per 3.8 volts. 
The pulse repetition period is the 
reciprocal of 20 Ke, the prf. Thus 
the deviation is calculated to be 
1,020 cps peak-to-peak or 510 cps 
peak. 

Figures 4C and 4D illustrate the 
ability of the tester to frequency 
demodulate. For the sawtooth and 
square wave phase modulations of 
the variable coherence signal gen- 
erator, waveforms are shown of the 
modulating voltage, the tester, and 
stability tester outputs. The coher- 
ence tester and stability tester are 
both frequency demodulators and 
so their outputs are the derivatives 
of the phase-modulating voltage. 
The distorted square wave results 
from nonlinearities in the phase 
modulator of the variable coher- 
ence signal generator. 

The measurement technique used 
in the pulsed signal coherence 
tester was conceived by T. F. Curry 
of the Syracuse University Re- 
search Corp. E. M. Williams of 
Carnegie Institute of Technology 
contributed many suggestions. 





Delay is obtained by time constant of inductor L in (A). Waveforms (B) 
show how Zener breakdown controls base drive and output 


One-Transistor Single-Shot components in single-shot 


multivibrator can be decreased in one-transistor circuit. While not necessarily cheaper, 


circuit may be more reliable and simpler to manufacture than the conventional type 


By T. F. HEITING, 


Aerospace Div., 
Seattle, Wash. 


Boeing Airplane Co., 


THE SINGLE-SHOT, sometimes called 
one-shot, monostable or delay mul- 
tivibrator, is one of the building 
blocks of digital computers. With 
either capacitor or inductor con- 
trol, the circuit normally uses two 
amplifying devices, usually tran- 
sistors, to generate a rectangular 
output pulse. The schematic in the 
drawing above, however, shows a 
single-shot that needs only one 
transistor, thus reducing compo- 
nents by 50 percent and giving 
higher reliability and, in some ap- 
plications, lower cost. 

Transistor Q, is normally off be- 
cause I¢,o is supplied through R, to 
the base. The voltage at the base is 
the drop across clamping diode D,, 
about +0.3 volt. The other clamp- 
ing diode, D., shunting half of coil 
L, is not conducting at quiescence 
because there is no voltage differ- 
ence across it. Zener diode D, is 
backward biased and does not con- 
duct either. Its Zener voltage V, 
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is chosen so that V, > (|V,| + 
0.3); a satisfactory value is V, = 
1.2 (|V,| + 0.3). 

When a negative trigger is ap- 
plied to the base, Q, turns on, and 
collector voltage goes from —V, to 
nearly zero as shown in (B) of the 
figure. Current through L in- 
creases slowly toward its satura- 
tion value. A high negative volt- 
age develops on the left half of the 
coil, adding to —V,. The total nega- 
tive voltage is high enough to punch 
through the backward biased Zener 
diode, producing a drop of V, 
across D, and increasing and sus- 
taining base current. The feedback 
speeds the rise time of the output. 

The negative voltage at the base 
is now about —0.3 volt, the voltage 
drop across the base-emitter junc- 
tion. Clamping diodes D, and D. 
are not conducting. The negative 
voltage at the left side of the coil 
moves slowly positive toward —V, 
as the current in the right side of 
the coil approaches saturation; fi- 
nally the Zener diode suddenly 
blocks base current flow. 

Current J,,. is now fed to the 
base from the positive supply, turn- 


ing Q, off. Collector voltage goes 
from nearly zero to —V,, while the 
left side of the coil goes positive 
and supplies additional J... through 
D,, which is now forward biased. 
This feedback causes a fast fall of 
the output waveform. The col- 
lapsing magnetic field of L is dissi- 
pated by clamping diode D,.. The 
presence of diodes on both sides of 
the coil prevents ringing at the out- 
put. Therefore, the output wave- 
form is rectangular and without 
spikes or slopes. 

Triggering can be accomplished 
through a capacitor or through the 
coil. Duration of the output pulse 
is T ~ L/R’ sec, where L is induct- 
ance in henries, and R’ is resistance 
of the feedback path in ohms. For 
a given coil, 7 can be decreased by 
adding resistance in series with 
the coil. 

The core of the coil is not square- 
loop type material, thus the coil 
can be a relay. But typically the 
external load is connected between 
collector and the negative supply. 
Load current does not pass through 
the coi! and thus can be much 
higher than coil current. 
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Predicting Spurious 


Transmitter Signals 


By JAMES G. ARNOLD, 


Defense Electronics Products, 
RCA, Camden, New Jersey 


RAPID INCREASE in spectrum use 
makes control of spurious out- 
put an important characteristic 
in any r-f equipment. The need 
to insure interference-free 
transmission from transmitters 
has often been ignored in initial 
design stages by the substitu- 
tion of a few rules of thumb and 
heavy reliance on good fortune. 

In a string of cascade ampli- 
fiers, or amplifiers and multi- 
pliers, it is usually assumed that 
the input spectrum consists 
only of the driving frequency. 
After the first amplifier or 
multiplier, the spectrum can no 
longer be considered to consist 
only of this single-frequency 
signal but must be considered as 
a spectrum of many components. 
The output of any driven stage 
is composed of driving compo- 
nents plus harmonics, and com- 
ponents due to the mixing of 
the driving spectrum compo- 
ponents. This indicates that a 
vast amount of calculation will 
be involved in any prediction. 
This process can be simplified 
by making basic considerations 
and adopting a step-by-step pro- 
cedure. 

In a number of cascade stages 
of amplifiers and multipliers, 
the output will consist of com- 
ponents harmonically related to 
the initial input frequency. 
Three processes will produce 
the output spectrum; amplifica- 
tion, harmonic generation and 
mixing. The energy at any point 
can be tabulated and the three 
categories can be summed up for 
any frequency. When any com- 
ponent is found to be below the 


required level with reference to 
the main frequency, it may be 
dropped from the calculations 
and need not be carried as a 
drive component of the succeed- 
ing stage. 

A component due to grid mix- 
ing of two driving signals will 
be degraded by a conversion loss 
of 11 db or more. Its greatest 
amplitude is then at least 11 db 
below the weakest of the two 
driving signals being mixed. 
The output components due to 
amplification and harmonic gen- 
eration will be tabulated. The 
input spectrum can then be ex- 
amined for mixing components 
that produce each output fre- 
quency. For any given output 
frequency, all driving compo- 
nents equal to or less than the 
same frequency component pro- 
duced by amplification or har- 
monic generation can be disre- 
garded. That is, any products 
derived from two or more sig- 
nals will be at least 11 db below 
its weakest component, and if 
the weakest signal is just equal 
to a same frequency component 
of the output, the sum of the 
two will not materially increase 
the amplitude of the stronger 
signal. 

Addition of two same-fre- 
quency signals is shown in Fig. 


TABLE 
MINIMUM PRACTICAL 
DUCTION ANGLE 
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Stage 
Function 


Minimum Practical 
Conduction Angle 
Amplifier 
Mult X2 
Mult X3 
Mult X4 
Mult X5 


100 degrees 
80 degrees 
70 degrees 
60 degrees 
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FIG. 1—Addition of two same fre- 
quency signals 


1. When the difference between 
two signals is 10 db or more, 
the stronger signal is not sig- 
nificantly increased by the com- 
bination with the weaker sig- 
nal. Simplification can be made 
by disregarding the summation 
of signals of more than 10 db 
difference. The stronger signal 
is taken as the sum. 

Before examining a system 
for its spurious output, it is 
necessary to set up values for 
the losses inherent in both the 
process of mixing and harmonic 
generation. Since all calcula- 
tions should be conservative, the 
conversion loss of the mixing 
process is taken as the conver- 
sion loss of a grid mixer when 
operating at maximum conver- 
sion transconductance. This 
value is approximately 11 db. 

Harmonic generation is 
treated in an equally generous 
manner. Output current pulse 
in class B or C operation is not 
a perfect replica of grid volt- 
age above cutoff. The shape of 
this pulse is between that of a 
linear transfer characteristic, 
and that of a squared transfer 
characteristic, depending on the 
tube geometry. 

The power output available at 
any harmonic across a given 
load impedance is equal to Py = 
(I,* R,/2) where I, is the peak 
value of the N™ harmonic cur- 
rent and R, is the load imped- 
ance at the fundamental fre- 
quency. Power output at the 
fundamental frequency is P, = 
(1 Rsf2y. 

The level of the N‘* harmonic 
with respect to the carrier or 
fundamental is P, = 20 log (J,/ 
I,) expressed in db. The ratio 
of harmonic currents to funda- 
mental current was derived for 
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A new model in MICRO’s line of protective door interlock 
switches, the “13AC” is designed to eliminate that momen- 
tary power interruption when the interlock is re-set upon 
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mitters or computers. 
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next time the door is opened, power is safely cut off. 


MICRO SWITCH door interlocks are the ultimate in re- 
liability as protective devices on cabinets and enclosures 
containing electronic equipment that may be hazardous to 
personnel. More than 150 models include environment- 
proof and high temperature designs, subminiature and multi- 
circuit assemblies and some with self-lubricating thermo- 
plastic actuating rods, 
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both a linear transfer character- 
istic and a squared transfer 
characteristic’. The harmonic 
levels are shown in Fig. 2A and 
2B as functions of fundamental 
conduction angle. As shown in 
Fig. 2B, the level as a function 
of conduction angle becomes 
cyclic for higher order har- 
monics at large conduction 
angles. Since in amplifiers, 


neither the pulse shape nor the 


conduction angle are precisely 
controlled parameters, reliable 
predictions could not be made for 
higher harmonics and large con- 
duction angles. Therefore it is 
necessary to draw a line of 
maximum for all higher-order 
harmonics in this region. This 
is not an overly conservative as- 
sumption because where an 
equipment must be tuned over 
a significant band with various 
tolerances of the voltages used, 
the line of maximums represents 
the values that must be ex- 
pected. 

Where the conduction angle is 
not known or not controlled, it 
has been the usual procedure to 
use a value of conduction angle 
that is the minimum practical 
for the type of operation of the 
stage. This minimum practical 
angle is dictated by experience 
and represents the lowest con- 
duction angle that can usually 
be used after all the design com- 
promises of an amplifier or mul- 
tiplier are evaluated. These 
values are given in Table I. 

In either case, the level of the 


FIG. 2— Result- 
ing harmonic 
levels as function 
of fundamental 
conduction angle 
(A and B). Re- 
sponse of a single 
tuned circuit (C) 
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harmonics can be read from 
Fig. 2A and 2B using the line of 
maximum values for all higher- 
order harmonics in the upper 
region of Fig. 2B. These values 
are the harmonic levels of plate 
current with respect to the 
fundamental. 

When a stage is used as a fre- 
quency multiplier, the level of 
each harmonic is elevated by the 
ratio of the output frequency 
component to the fundamental 
to keep the zero db reference at 
the output frequency of each 
stage. 

Determining the spurious 
spectrum of a small number of 
cascaded stages can become tedi- 
ous, and because of the large 
number of components, it is best 
to use a mechanical process 
whereby each component is 
tabulated at each step. The for- 
mat of Table II has been used 
with success in rapid computa- 
tion. 

The form shown in Table II 
is used as an example. For sim- 
plicity only five driving spec- 
trum components are shown in 


f/f 


the tabulation. This form is 
used for each stage. After the 
form for a stage is completed, 
the last column is transferred to 
the input column of the suc- 
ceeding stage and so forth. 

In the example, the input 
spectrum as seen from the rela- 
tive amplitudes is the result of 
a doubling process in some 
previous stage. Since the stage 
being considered is also a 
doubler, all the components are 
corrected by +3.8 db in the plate 
current transfer level column, 
so that the reference level is 
transferred to the component 
which is the output frequency of 
the stage. 

The frequencies are then con- 
sidered for their harmonic 
levels in column 4. There is no 
driving frequency to produce 
harmonics at frequency 1. Fre- 
quency 2 is a second harmonic 
of 1 and is thus entered with a 
level of —3.8 db, —5.2 db or —9.0 
db. Frequency 3 can only be a 
harmonic of frequency 1 and 
therefore is treated in the same 
manner. Frequency 4 can be a 
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Climaxing ITT’s long history of pioneering in the trav- 
eling wave tube field are these new PPM types covering 
C and X bands and distinguished by the highest power 
output over the greatest bandwidths thus far available. 
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Stage: Doubler 
Conduction Angle: 


1 2 


140° 
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Current 
Transfer 


Input 
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ponent 


Input 
Spectrum 
Com- 


—9.0 —5. 

0 +3. 
—13 —9 
— 26 —22 


—38 —34. 


to bo to co to 


CONAN Se wh 


harmonic of 1 and 2, but since 
2 is overwhelmingly greater 
than 1, only the second harmonic 
of frequency 2 is computed. Thus 
the column 4 level of frequency 
4 is +3.8 db, —3.8 db or 0 db. 
This is expected since the cor- 
rection factor was used to refer- 
ence all components to the 
doubler output frequency. Fre- 
quencies 5 and 7 can only be 
harmonics of frequency 1 and 
are treated accordingly. Fre- 
quencies 6 and 8 are considered 
as harmonics of driving fre- 
quency 2 only, since frequency 2 
is much stronger than driving 
frequencies 1 or 4. 

Column 5 is filled by taking 
the stronger signal of columns 3 
or 4 and adding an adjustment 
referring to Fig. 1. If the dif- 
ference between the two signals 
is 10 db or more, the adjustment 
is neglected and the stronger 
signal is entered in column 5. 
Adjustment was made only for 
frequencies 3 and 5. 

The combination of drive 
components are then examined 
for products corresponding to 
each output frequency. These 
combinations are noted in col- 
umn 6. Only components whose 
levels in column 3 are equal or 
greater than the values of col- 
umn 8 or 4 for the frequency 
being considered are noted. Thus 
for frequency 1, no two fre- 
quencies in column 8 are greater 
than the frequency 1 level in col- 
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TABLE II—SPURIOUS PREDICTION TABULATION SHEET 


Transfer Characteristics: 
Output Circuit: 
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umn 3. No other two frequencies 
in column 8 are greater than fre- 
quency 2, so again no products 
are looked for. Only frequencies 
1 and 2 are greater than 3 in col- 
umn 3 and these can produce fre- 
quency 3, that is 2 + 1 = 3. No 
two frequencies in column 3 are 
equal or greater than frequency 
4in column 4. Products are looked 
for in frequencies 6, 7 and 8, 
but only in frequency 7 is a pair 
available in column 3 which can 
produce that frequency and have 
levels exceeding the frequency 
being examined. 

The three products found in 
column 6 are centered in column 
7 by subtracting 11.0 db from 
the weaker of the two signals. 

The correction factor in col- 
umn 8 is found by referring to 
Fig. 1 for the difference between 
the column 7 level and the level 


.of the same frequency compo- 


nent in column 5. 

Column 9 is filled by taking 
the highest level of column 5 or 
7 for each frequency and adding 
the adjustment of column 8. Col- 
umn 9 then is a representation 
of the output plate current spec- 
trum. 

The response of the plate cir- 
cuit is entered in column 10. 
This response is the ratio of the 
circuit impedance at the fre- 
quency under consideration to 
the impedance at resonance in 
db. These values are known in 
the early design stages of an 


Add to 
Stronger 
Signal 


+0.7 


+1.1 


Approximately linear 
Tuned circuit, Q = 20 


9 10 11 


Plate 
Current Plate 
Spectrum Circuit Output 
(Stronger of Response Spectrum 
5 or 7, + 8) (db) (db) 
—5. 36.5 7 
+3. a 2.7 
—8. : a 
0 
—19. 
—10. 
—22. 
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equipment. In unusual circuit 
arrangements they may be meas- 
ured values. For a single tuned 
circuit, the values are readily 
found from the value of loaded 
Q. A family of response curves 
for a single tuned circuit are 
presented in Fig. 2C to facili- 
tate rapid derivation of these 
values. The output circuit is 
tuned to frequency 4 and there- 
fore the response at frequency 5 
corresponds to f/f, of 1.25 on the 
curves of Fig. 2C. 

The combination of columns 9 
and 10 will then give the output 
spectrum of the stage with ref- 
erence to the level of the output 
frequency. 

This procedure is readily ex- 
tended to the case where hetero- 
dyning actions are involved in 
the derivation of the final output 
frequency. 

Where intentional mixing is 
used the degradation due to mix- 
ing may be quite different from 
11 db. In this case this figure 
will be known and can be applied 
as in grid mixing. 

The accuracy of those predic- 
tions are proportional to the ac- 
curacy of the information, espe- 
cially the data required in 
column 9. 
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A clear, solventless liquid, General Electric 
clear LTV-602* cures at 75-80°C to form 
a resilient compound with excellent elec- 
trical properties. Even thick sections are 
perfectly transparent. Useful from —65 
to 175°C, this self-supporting material 
provides protection against thermal 
shock, vibration, moisture, ozone, dust 
and other hazards. 


*Low Temperature Vulcanizing 


General Electric clear LIV silicone compound 


for potting and embedding 


Transparent, resilient, self-supporting and easy to repair 


LTV-602 is easily applied, flows freely in-and- 
around complicated parts. Having a low vis- 
cosity in the uncured state, 800-1500 centi- 
poise, LTV is ideal for potting and embedding 
of electronic assemblies. Unlike “gel-like” 
potting materials, LTV-602 cures to a flex- 
ible solid. Oven cure is overnight, or from 
6 to 8 hours at 75 to 80°C. 


LTV-602 is easy to work with and easy to repair. 
To repair parts embedded in LTV, merely 
cut out and remove section of material, repair 
or replace defective part, pour fresh LTV 
into opening and cure. Pot life, with catalyst 
added, is approximately 8 hours and may be 
extended with refrigeration. When desirable, 
LTV may also be cured at room temperature. 


Resiliency offers excellent shock resistance. 
LTV-602 easily meets thermal shock tests de- 
scribed in MIL-STD-202A test condition B 
which specifies five temperature cycles from 
—65 to 125°C. Tests indicate that LTV retains 
protective properties even after 1800 hours 
aging at 175°C. Other tests confirm LTV’s 
resistance to moisture and water immersion. 


LTV-602 is the newest addition to the broad line of G-E silicone potting and encapsulating materials 
which also include the RTV silicone rubbers. For more information, write to General Electric 
Company, Silicone Products Department, Section N440, Waterford, New York. 
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RESEARCH AND DEVELOPMENT 


Tests Find Hidden Data on 


By D. F. CLARK, 

Field Service Coordinator, Mincom Div., 
Minnesota Mining and Manufacturing Co. 
Los Angeles, Calif. 


MAGNETIC recordings made with 
standard instrumentation tape re- 
corders contain considerably more 
detailed information than had been 
realized. The added data became 
apparent in a series of experiments 
in which a variety of signals were 
taped with standard instrumenta- 
tion recorders. For comparison, the 
tapes were then played back on 
both a standard instrumentation 
recorder-reproducer and on _ the 
newer video instrumentation re- 
corder-reproducer. 

The greater recording capability 
of the standard instrumentation re- 
corder can be significant to many 
users of this type of equipment. 
Information stored on magnetic 
tape by such recorders can now be 
recovered. Obtaining additional in- 
formation from existing tapes can 
sometimes eliminate the need for 
costly repetition of events so that 
more detailed information can be 
recorded with the improved video 
instrumentation recorders. Valu- 
able added data can also be obtained 
from existing tapes about events 
that cannot be repeated. 

Standard instrumentation _ re- 
corders can also be used in appli- 
cations for which they had been 
assumed unsuitable, with the re- 
corded information recovered by a 
video instrumentation reproduce 
system. These possibilities do not 
affect the applications for which 
the capabilities of standard instru- 
mentation record-reproduce systems 
are completely satisfactory. 

Conditions for the tests include 
making all recordings at 60 ips on 
a standard instrumentation _re- 
corder—the Mincom C-100  con- 
stant-current recorder. The tapes 
were played back on both the C-100 
and the Mincom CM-100—a con- 
stant-flux video instrumentation re- 
corder-reproducer. It is assumed 
that results would have been simi- 
lar had other recorders with com- 
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FIG. 1—Recorded pulses (top) 
have poor rise time (center) when 
played back with standard recorder 
but are recovered by video repro- 
duce system (bottom) 


parable characteristics been used. 

Input levels to the recorder were 
at the ‘nominal levels of 1 volt rms 
for sine waves and 13 volts peak- 
to-peak for pulses and square 
waves. Standard instrumentation 
tape (MMM #B159) was used for 
all experiments. 

Frequency response of the CM- 
100 at the 60 ips used in the tests 
is within +3 db from 400 cps to 
500 Ke, although it exceeds 1 Mc 
at 120 ips. Some modifications of 
this system were required to play 
back tapes made with a constant- 
current recorder because it was de- 
signed to reproduce recordings 
made with a constant-flux recorder. 
The plug-in equalizer and filter 
were replaced by the standard 15- 
ips equalizer and the standard 30- 
ips filter. These units were found 
to be the best combination for flat 
frequency response and good signal- 
to-noise ratio, and they did not re- 
quire use of a bias trap. 

When tuned to the outer extreme, 
the 15-ips equalizer increases 
response at about 175 Ke. The 30- 
ips filter produces a Gaussian roll- 
off beginning at about 185 Ke, 
down 6 db at 250 Ke and down 28 
db at 350 Ke. Bias frequency of 
the standard instrumentation re- 
corder used to make the recordings 
is 350 Ke. Had the 60-ips filter 


been used, which has a Gaussin 


Magnetic Tapes 


roll-off beginning at 375 Ke and 
down 6 db at 500 Ke, a bias trap 
would have been required. 

Frequency response of the modi- 
fied reproduce system in playing 
back tapes recorded with the stand- 
ard instrumentation recorder was 
within +4 db from 200 cps to 220 
Ke. The ratio of rms signal to 
rms noise was 28 db. Bias beats 
appeared at about 175 Ke and be- 
came progressively worse as re- 
corded frequency was_ increased 
toward bias frequency. 

Pulse response of an analog tape 
recorder is adversely affected by 
three primary factors: limited fre- 
quency response, phase shifts (re- 
sulting primarily from the playback 
head) and excessive overshoot or 
ringing (resulting from a combi- 
nation of phase shift and filtering). 
The tests demonstrate these effects 
in reproducing recorded data by 
the two systems. 

The 10-usec pulses shown in Fig. 
1 were recorded with 10-ysec sep- 
aration by the standard instru- 
mentation recorder. The loss of 
high frequencies and resulting de- 
terioration of rise time is apparent 
when the tape is played back on 
this system. The improved fre- 
quency response when the same 
tape is played back on the video 
instrumentation recorder-repro- 


FIG. 2—Phase shift of recorded 
pulses (top) occurs when they 
are reproduced on standard unit 
(center), while playback on video 
system (bottom) is corrected by 
phase compensation 
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with a design for general purpose, continuous duty applications: 





| pc OUTPUT 


NGE _ |RIPPLE DIMENSIONS 
MODEL \vours| AMPS |% rms | H” |W"| D” | PRICE 


PR15-10M [0-15 | 010/ 4 [3% [1 Sm 
PR38-5M [0-38 | 05 | 2 {3¥2 19 | 13% | $325.00 
PR 80-2.5M | O88 0-25) 1.5 |3% [19 | 13% | $325.00 
PR155-1M | 0-155] 01 | 1 [32 [19 [19% $325.00 
PR 310-0.6M| [o3i0| 0-0.6) 05 [3% |19 | 137% | $345.00 


/PR15-30M |0-15 | 0:30) 4 | 7|19| 13% | $495.00 
PR38-15M | 0-38 | 0-15| 2 | 7/19 | 13% | $475.00 
PR80-8M |080 | 08 | 15 | 7/19] 13%| $450.00 
PR155-4M | 0-155) 04 | 1 7 {19 | 13% | $430.00 
PR310-2M | 0-310) 02 | 05 | 7119] 13%| $430.00 
















































































REGULATION: 


LINE: +1% for 115+10v ac line change at any 

output voltage within specified range. 

LOAD — at maximum output voltage: 

Less than 2% output voltage change for 50-100% 3 

load change (3% for PR 15-10M and PR 15-30M). . PRGROUP FEATURES: 

Less than 4% output voltage change for 25-100% “ELUX-O-TRAN” 

load change (6% for PR 15-10M and PR 15-30M)., CONSTANT VOLTAGE TRANSFORMER: 

(See Graph below for typical load characteristics) Delivers regulated square-wave voltage to rectifier, 
improving rectifier utilization, and reducing output 
ripple. 
ADJUSTABLE WIDE-RANGE OUTPUT: 
Continuously variable voltage contro] permits out- 
put settings from 0 to maximum rating. 
OVERLOAD PROTECTION: 
Special “Flux-O-Tran” transformer and DC overload 
circuit breaker allow output to be shorted without 


damage i oe Ideal for lighting lamps and charg- 

, ie ing capacitive loads. 

Typical Loading Characteri 

aa SILICON RECTIFIERS:  _— 

TAKEN UNDER FOLLOWING CONDITIONS: Reliable, efficient, full-wave rectification. 

1. LINE VOLTAGE EQUALS 115 RMS. CAPACITIVE FILTERING: 

2. VOLTAGE CONTROL SET TO MAXIMUM Provides excellent ripple reduction and minimizes 
RATED VOLTAGE transient response c 

NO VOLTAGE OVERSHOOT: 


1.0 2.0 No output voltage overshoot from turn-on, turn-off 
LOAD (AMPS) or power failure. 


NEW 32 PAGE POWER SUPPLY CATALOG! 
Featuring: 


@ 11 Kepco design groups including new “SM”, “HB”, 
and “PR” models. 


@ Separate listing and description of programmable 
current/voltage regulated models. 

@ Special nomograph of voltage drop vs. wire size and 
supply current. 

© Dual index to all models: 
by DESIGN GROUP (inside front cover) ; 
by OUTPUT VOLTAGE (inside rear cover). 
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Geoyenlenlelrlinvam ins 
Antenna Systems 


‘HICKORY BRAND. | 
x.D.Gables 
Install faster... Cost less 





Because Hickory Brand Community TV Antenna System Cables need 
no separate messenger, installation time is reduced to a minimum. 


These cables are especially constructed to keep cross 
talk and external interference to a minimum and to 
provide maximum attenuation to radiated signals. Con- 
ductor insulation and dielectric material is polyethylene. 


Attenuation 
DB/100 ft. Shielding 
400 Mc 3000 Braid 


Nom. 
Dia. of Nom. Overall 
Dielectric Ins. Imp. Ohms Dia. 





' ” Single es 
RG-11/U .285 75 52 185 Copper 405 





Single ” 
Copper .242 


Integrated Messenger is high-strength galvanized solid steel wire. 


RG-59/U .146” 75 9 30 

















For community TV Antenna Systems, use quality-engi- 
neered and precision-manufactured Hickory Brand I. M. 
Cables and save time and money. 





Write for complete information 
on the full line of 


.| HICKORY BRAND 
® Electronic Wires and Cables 


Manufactured by 
SUPERIOR CABLE CORPORATION, Hickory, North Carolina 
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ducer is evident in the more rapid 
2-ysec rise time. 

Phase distortion is evident when 
recorded 20-usec pulses separated 
by 20 usec are reproduced by the 
C-100. The higher frequencies in 
Fig. 2 appear sooner than the lower 
frequencies. However, phase-com- 
pensating circuits in the CM-100 
maintain the correct time relation- 
ship for highs and lows. 

A word-code generator produced 
the three 5-usec pulses separated 
by 5-usec in Fig. 3. After a 15-ysec 
space, another 5-usec pulse was gen- 
erated. Overshoot occurs when the 
tape is played back by the standard 
instrumentation recorder. The 
Gaussian characteristic of the filter 
in the video-type unit reproduces 
the pulses without ringing. 


FIG. 3—Pulses followed by space 
(top) and reproduced on standard 
unit (center) show evidence of over- 
shoot, while same tape reproduced 
on video playback system (bottom) 
is flat between pulses 


When the video instrumetation 
recorder was used to reproduce an 
even more complex pulse-code word, 
ringing and phase distortion still 
did not appear. Three 2-ysec pulses 
were separated by 2usec spaces and 
were followed by a 20-ysec space. 
Then two more 2-yusec pulses were 
produced with a 4-ysec space be- 
tween them. Rise time of the 2-usec 
pulses was 1 psec. 

Loss of data when tapes are 
played back on a standard instru- 
mentation recorder is evident in 
Fig. 4. A 10-yusec pulse was fol- 
lowed after a l-uwsec space by a 
4-usec pulse. Amplitude of the 10- 
psec pulse is three times that of the 
4-usec pulse. The only data repro- 
duced by the C-100 was a single 
pulse of about 15-ysee duration. 
The same tape played back on the 
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FIG. 4—Shorter pulse of lower 
amplitude (top) is lost in repro- 
duction with standard recorder 
(center) but recovered by video 
reproduce system (bottom) 


CM-100 results in a 10-ysec pulse 
followed by a discernable pulse of 
about 4 usec. 

Results indicate the different 
pulse recording and reproducing 
capabilities of standard _ instru- 
mentation recorders. Although 
these systems were not specially 
designed for pulses, they actually 
do record pulses much more accu- 
rately than the playback heads and 
circuits in them can reproduce. 

Video instrumentation recorder- 
reproducers can only play back data 
that is actually on the tape. Several 
factors can limit the amount of 
detail recorded by standard instru- 
mentation recorders. For example, 
if pulses are recorded at an input 
level so high that the tape is driven 
into saturation, high frequencies 
will be erased. Reproduced pulses 
will therefore have poor rise time. 

Bias frequency also limits the 
pulse recording capability of stand- 
ard instrumentation recorders. As 
recorded frequency is increased to 
about one-half bias frequency in 
the C-100, beats begin to appear 
and become progressively worse as 
frequency is increased. To avoid 
bias beats, bias frequency should 
be about three time the highest 
anticipated frequency to be re- 
corded. Had recorder bias fre- 
quency been higher, test results 
would have been even better. 

The primary limiting factor in 
recording higher frequencies on a 
standard instrumentation recorder 
is the increasing losses in the rec- 
ord head core material as frequency 
is increased. A pre-emphasis net- 
work in the CM-100 compensates 
cores losses by providing more cur- 
rent at higher frequencies to main- 
tain constant flux. In the constant- 
current C-100 recorder, however, 
losses occur above about 50 Ke. 
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Why “‘tool-up time” 
is all the time for 
CONTINENTAL 
CONNECTORS 


Continental Connector makes a wide variety of standard 
connectors in the types shown in the panel. Naturally we 


' are pleased when our customers use these proven types. 


However, with the constant development of new equipment 
for missiles, aircraft, computers and communications, cus- 
tomers often need special connectors outside the specifica- 
tions of our catalog line. 

When this happens to you, why not take advantage of 
Continental’s many years’ experience designing and devel- 
oping new connectors for the biggest names in the elec- 
tronics field. In Continental Connector you will find a leader 
anticipating the precision connector requirements of a fast- 
moving industry that demands proven reliability under the 
most exacting environmental conditions. Our tool room 
(pictured above) can ‘‘tool-up’’ on short notice to produce 
new dies for your special connector applications. 

Next time you are faced with a connector design or pro- 
duction problem, try Continental Connector, and see how 
our finished product measures up to your critical electrical 
and mechanical specifications. A condensed catalog of our 
complete line is available free on request. Write to: 


Electronic Sales Division 


DeJUR-AMSCO CORPORATION 
Northern Boulevard at 45th Street, Long Island City 1, N. Y. 
Exclusive Sales Agent 


“CONTINENTAL 
ACONNECTOR 


CORPORATION 
AMERICA’S FASTEST GROWING LINE OF PRECISION CONNECTORS 


CIRCLE 77 ON READER SERVICE CARD 


RIGHT ANGLE 
PIN & SOCKET 


CENTER 
SCREWLOCK 














(A) 


SILICON B GLASS 


ENCAP— 


SUL ah 
kkk 


ACK 
ONTACT 





yg ( C 
hh hd dh ddddddddditddtiles 


~ SEMICONDUCTOR LEAD 
JUNCTION WIRES 


df SA (B) 
Conventional diode (A) compared to diode cluster (B) that functions as a gate. Larger circuit board (left) uses 


standard 19-diode gating circuit. Smaller board performs same circuit function but needs only five Poly-Diodes. Same 
connector is used. Etched sides of boards (right) show 38 solder connections to individual diodes on larger board, only 
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24 connections to compact diodes on smaller board 


Poly-Diodes Simplify Computer Logic 


DIODE CLUSTERS WRAPPED IN SINGLE ENVELOPE 


By J. G. HAMMERSLAG, 
President, 
Delta Semiconductors, Inc., 
Newport Beach, Calif. 


THE SEMICONDUCTOR DIODE is now 
not much larger than its end solder 
connection. In a computer, tens of 
thousands of these diodes are used, 
individually mounted on _ circuit 
boards, often several dozen diodes 
per circuit board. 

Further attempts at simplifica- 
tion of computer circuits by size 
reduction of the individual diode 
has reached the law of diminishing 
returns. Simplification of gating 
circuits through microelectronics 
requires complete redesign of the 
entire computer, and this appears 
far enough away to take care of 
immediate needs. 

In this milieu, Delta Semiconduc- 
tors' has designed a compact diode 
component that combines several 
individual diodes in one glass en- 
velope. This construction cuts 
down the number of conventional 
diodes needed by as much as 80 
percent, fits existing connectors, 
and the units can be interchanged 
with present computer components, 
without redesigning associated 
equipment. 


The Compactode, or compact di- - 


ode, represents a practical solution 
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for designers who seek smaller, 
more reliable, circuits right now, 
while they await techniques that 
involve revamping of complete com- 
puter and logic systems. 

Each Poly-Diode Compactode en- 
capsulates whole clusters of con- 
ventional diodes, see diagram. Any 
reasonable number of junctions 
can be formed within a single glass 
capsule using techniques that re- 
quire little or no individual hand 
assembly. The units lend them- 
selves ideally to efficient and eco- 
nomical mass production methods. 

Objectives in the design of these 
units were to decrease size and 
weight, and increase reliability of 
any electronic system that use di- 
odes, specifically in computer and 
logic systems. 

Several semiconductor junctions 
are encapsulated in a glass rod that 
only slightly exceeds the dimen- 
sions of the conventional single di- 
ode. Since all junctions within the 
package are formed on a single 
slice of silicon, no internal inter- 
connections are necessary to ob- 
tain a standard gate configuration. 
All leads conform with the stand- 
ard hole spacing presently used on 
etched circuit boards. 

A conventional computer logic 
gate circuit consists of up to 19 


diodes on one board 53 in, by 1% 
in. By substituting the individual 
diodes with four four-junction 
compact diodes and one three-junc- 
tion compact diode, the size of the 
board is reduced to 3% in. by ¥ in. 
(see photos). 

Manufacturing costs of the cir- 
cuit boards is greatly reduced, 
material and labor is saved by re- 
ducing the number of solder connec- 
tions. While the size of the board 
could be reduced even more, cur- 
rent configuration was adapted to 
fit existing connectors. 

The construction utilizes estab- 
lished techniques wherever possible 
to ensure high reliability. 

The basic element of the com- 
pact diode is a sliver of silicon ap- 
proximately 0.050 in. x 0.010 in. 
<x 0.5 in. Junctions are spaced 0.1- 
in. apart and any number can be 
made on a single sliver. Present 
diodes contain either 3, 4, or 5 
junctions. These junctions are 
made by established alloy or dif- 
fusion processes. Junction slivers 
could be mass produced by the foot, 
with the material clipped off at any 
length to provide the number of 
junctions required. 

Once the junction is made on 
the silicon sliver, leads are attached 
to each individual junction and a 
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Switching Time of a Tunnel Diode 
...with a Type N Unit 


A Tektronix Type N Pulse- 
Sampling Unit enables you to 
convert your oscilloscope into a 
Pulse-Sampling Scope with rise- 

time of 0.6 nanosecond. 
1 nsec/cm Your Pulse-Sampling Scope— 
Tyateat diinestesn of without auxiliary equipment— 
gallium arsenide tunnel diode. fits many applications. For ex- 
ample, the schematic illustrates 
an easy way to test tunnel (ESAK1I) diodes with nanosecond 
switching speeds. In this typical application the oscilloscope 
provides both a pretrigger for the Type N Unit and a de- 

layed current-ramp source for the tunnel diode. 

Other pulse-sampling applications requiring on/y the 
oscilloscope and Type N Unit include those wherein a repe- 
titive signal has 

a, & He tLe VOR, 
Ot ye da rou oe Ot Ce 45 to 200 nan- 
leek Yew OS | ton osecond pre- 

I] I “r trigger, or a 

ince wer Tepetition rate 
SPROK Th GSAALY vs from 10 to 50 
; megacycles. 


200 mv/cm 


20 mo diodes 


TUNNE( DIODE UNDER TEST 


FROM 
OSCHLOSCOPE 


TUNNEL DIODE RISETIME TESTER 


Waveform Analysis of a Fast Diode 
...with a Type $ Unit 


A Tektronix Type S Diode- 

Recovery Unit* enables you to 

display and measure both for- 

ward and _ reverse switching 

characteristics of semiconductor 

diodes. You can determine ef- 

fective lifetimes to 2 nanosec- 

onds, stored charge to 10 pico- 

0.1 wsecicm coulombs, junction capacitance 

Typleal display of diode to 2 picofarads, and base resist- 

reverse-recovery charac- ance to 0.25 ohm. Parameters 

tetetoo—aih Sowad eu = measured from the curves can 
rent at 20 ma and reverse cur- P A 

sent a0 6.4 ma. be used to predict the behavior 

of many diodes in many circuits, 

as well as compare diodes for per- 

formance in a particular circuit. 

* Overall risetime depends partially upon your Tektronix 

oscilloscope—typically the same as listed with the Tvpe R Unit. 


Type S Diode-Recovery Unit 

Type R Transistor-Risetime Unit 
Type N Pulse-Sampling Unit 

Type Z Differential-Comparator Unit. 


(prices f.0.b. factory) 


High-Frequency Characteristics 
of a Transistor == 
...with a 
Type R Unit 


A Tektronix Type R 
Transistor-Risetime Unit 
enables you to trigger the 
oscilloscope sweep either 
on the start of a test pulse 
or on both the start and 
finish—to display delay, rise, storage, and fall times simul- 
taneously. 














Calibrated vertical display 
in ma/cm of collector current. 


Risetime of the pulse supplied by the Type R Unit is less 
than 5 nanoseconds (amplitude 0.02 to 10 volts across 50 
ohms, positive or negative), but overall risetime depends 
partially upon your Tektronix Oscilloscope. For example, 
typically 12 nsec—with Types 541A, 543, 545A, 555, 581, 
585; 14 nsec—with Type 551; 23 nsec—with Types 531A, 
533, 535A; 31 nsec—with Type 536; 70 nsec—with Type 532. 


E/I Display of a Zener Diode 
...with a 
Type Z Unit 


A Tektronix Type Z 
Differential-Compara- 
tor Unit provides an 
equivalent vertical scale 
length up to +2000 
centimeters at 50 mv/cm, enabling you to accurately resolve 
incremental voltage or current changes in semiconductor 
circuits. 

With Zener diodes, for example, you can display Zener 
voltage as a function of current or temperature. You can 
clearly show several important Zener diode instabilities, 
including white noise and microplasmas (multiple-break- 
down phenomena at low junction currents). 

The waveform illustrates instabilities of a 4 watt Zener 
diode. With Zener voltage of 106 v at 0.75 ma and Zener 
impedance (calculated) of 170 Q over the current range of 
0.75 to 1.34 ma, the microplasmas shown indicate that this 
Zener diode should not be operated below 0.24 ma. 


— t ! 
Iz }¢ 0.24ma 0.75ma 1.34.ma 
} 
\ Unstable operating region 


For a demonstration of any of these 4 plug-in units 
in your own work with semiconductor devices, call 
your Tektronix Field Engineer. Ask him for the free 
32-page booklet—which lists complete specifications 
and performance details of all 16 ‘‘letter-series” plug- 
ins for Tektronix Oscilloscopes. 


2 
Te ktro n 1X In Ce P. O. Box 500 * Beaverton, Oregon * Phone Mitchell 4-0161 * TWX—BEAV 311 * Cable: TEKTRONIX 
/ 


TEKTRONIX FIELD OFFICES: Albuquerque, N. Mex. « Atlanta, Ga. + Baltimore (Towson) Md. + B 


e Houston, Tex 


0 « West Angeles) « Minnear M « Montrea anada + Ne York City Area (Albert 


hkeepsie, N.Y. »« San Dieg alif. © San Fra 


TEKTRONIX ENGINEERING REPRESENTATIVES: How! 


in Europe please write Tektronix Inc., Victoria Ave., St. Sampsons, Guernsey C.l., for the address 
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Miass. « Buffalo, N.Y. « ago (Park Rid . veland, Ohio « Dallas, Texas « Dayton, Ohio 
na Ang calif. Area (East Los Angeles, 
hia, Pa. » Phoenix (Scottsdale) Ariz. 
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of the Tektronix Representative in your country. 





the basic elements of the Poly- 
Diode Compactode. These slivers 
are used for a triple-diode unit 


common lead to the sliver, provid- 
ing anode and cathode connections. 
Connections are made with exist- 
ing transistor welding techniques, 
and the entire assembly is glass 
encapsulated. All leads come out 
from one side to allow through- 
board connections and flush mount- 
ing of the entire unit. 

The operation of the Poly-Diode 
is exactly the same as individual 
diodes and the parameters are 
equivalent to individual diodes. 
Built-in interconnections through 
the use of a common silicon sliver 
give greater uniformity than could 


be accomplished through the use of 
individual diodes. 


Junction characteristics have 
been proven out in every respect. 
Uniformity of each junction is ex- 
tremely high due to simultaneous 
manufacturing processes. 

Since the silicon sliver is taken 
from a relatively small section of 
the original silicon ingot, the 
necessity of matched pairs is often 
eliminated. Thermal  character- 
istics are excellent due to compat- 
ibility of the silicon junction and 
the encapsulating glass. These di- 
odes also have excellent environ- 
mental characteristics. 

The compact diode is adaptable 
to any computer logic system and 
is presently being considered in 
several programs that will make 
use of this diode configuration as 
a circuit function component. 

It is anticipated that use of the 
multiple diode in place of conven- 
tional diodes will reduce. the over- 
all size and weight of the logic sec- 
tion of computers by as much as 
10 percent without changing the 
circuits at all. Identical connectors 
are used throughout, but with 
slight wiring modifications, the 
space between connectors can be 











DO-IT 
YOURSELF 
TELEMETRY 
SYSTEMS... 


SLECTRO SCAN 
“FLAT PLATE’? ANTENNA 











..-Wwith 
components 
by Rantec 


Over the past years, Rantec has concentrated a major part 

of its research and development efforts in the design and 
development of components and subsystems for telemetry. 
Rantec is now able to offer the design engineer near complete 
systems in today’s 225-300 Mc and tomorrow’s 1700-2300 

Mc bands. Here are components of amazing adaptability 

for the design of Rantec-reliable telemetry systems. 


FOR THE 225-300 MC SYSTEM Antennas and arrays, for manual 
tracking and simultaneous lobing ... Helical arrays...dipole diversity 
reception arrays or feeds for large reflectors...these antennas have 
been used successfully in DISCOVERER, EXPLORER, PIONEER 
and ECHO projects... Antenna pedestals and servo mounts 
Telemetry multiplexers...units which combine two to six 
transmitters into one antenna...long term, hermetically sealed 
for outer space environment. Units are used in TITAN, POLARIS, 
MERCURY, DISCOVERER, SUBROC, X-15 and other projects 

‘FOR THE 1700-2300 MC SYSTEM Simultaneous lobing and 
electronic conical scanning antennas... Horn arrays and slot arrays 
Feeds for 6’ to 85’ diameter reflectors... used around the world 

, Filters...coaxial and stripline.. . designed for rugged ground and space 
environments... Multiplexers ...two to ten channel applications 
Hybrid assemblies ...to be used with simultaneous lobing systems 
to permit tracking by providing sum and difference channel outputs 
Dual channel rotary joints... Control and display panels... 
Y-circulators... broad-band, compact... for use with parametric 
amplifiers ... Coaxial isolators... ferrite switches 


STRIPLINE DIPLEXING FILTER 


6 CHANNEL MULTIPLEXER 


FERRITE SWITCH 


ROTARY JOINT 


ANTENNA CONTROL CONSOLE 


Complete specifications for each component and subsystem are available. 
Rantec engineers will be happy to work with your telemetry team in the application 


of these components to the total system. 


Rantec Corporation, Calabasas, California 








greatly reduced because of the 
great reduction in the size of the 
individual circuit boards. 

Each step in the construction of 
the new diodes utilizes proven tech- 
niques that are fully debugged to 
provide maximum reliability and 
adaptability to economical mass 
production. 


REFERENCE 


(1) Delta Semiconductors, Inc., 835 
Production Place, Newport Beach, Calif. 


Tiny Resistor 


SIZE REDUCTION continues in resis- 
tors with news that a unit, meas- 
uring only 1/16 x 1/16 in. (ELEC- 
TRONICS, Mar 31, p 69), has been 
developed by Reon Resistor Corp. 
Yonkers, N. Y. for micro-miniature 
circuits used in space programs. 

The micro- 

miniature resis- 
tor is available 
in resistive val- 
ues from one 
ohm to 50 K. 
The units can 
be manufac- 
tured with pow- 
er ratings 0.02 
watts. 

The concept 
of the new re- 
sistor is simple; 
however, great 
care is exercised 
during all man- 
ufacturing oper- 
ations. Fine re- 
sistance wire 
(as small as 
0.00045 in. diameter) is wound on 
a spindle until the correct number 
of turns have been completed for 
the desired resistance value. An 
epoxy bonding agent, applied to the 
coiled wire provides the required 
structural strength. The ends of 
the wire are then attached to appro- 
priate circuit terminals. The unit 
can be suitably bonded to a printed 
wiring board to prevent damage 
from shock and vibration. 

In conventional wire-wound re- 
sistors, the resistance wire is 
wound on a bobbin and connected 
to heavy electrical leads which are 
terminated in the bobbin. The two 
extra elements—the bobbin and 
leads—add considerably to the size 
and weight of the unit. 
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Strap bows board when ends are 
inserted in Teflon plates 


Rolling large boards keeps the solder 
surface hot and prevents tailing and 
bridging 


Rolling Circuit Boards Improves Soldering 


QUALITY OF SOLDER JOINTS in large, 
dip-soldered, printed wiring boards 
is improved if the entire board is 
not dipped into the solder pot at 
one time. Rolling the board over 
the solder surface minimizes cool- 
ing of the solder surface and also 
helps prevent solder tailing. 

This technique is used by Elec- 
tronic Associates, Inc., Long 
Branch, N. J. The boards are arced 
for rolling by a fixture which 
doubles as a convenient handle for 
dipping the assembly. The fixture 
is a metal strap with Teflon plates 
at each end. The strap is short 
enough to bow the board and hold 
it securely. Plates grip the board 
ends in slots, connector cutouts, 
etc., depending on board design. 

The operator puts one end of the 
board on the solder and slowly ro- 
tates the holder. The dipping cycle 
is set at eight seconds, by a timer 
alarm, so each portion of the board 
is only in the solder for a few 
seconds. The rolling action with- 
draws the board at an angle, pre- 
venting tailing and minimizing 
bridging and waste of solder. The 
principle is similar to that used in 
wave soldering machines. 

Dross is cleared from the dip- 
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ping area before each dip, but al- 
lowed to remain over the rest of 
the solder. The wiper blade is an 
L-shaped plate of Teflon slightly 
wider than the boards. The bulk 
of the dross is swept into a dross 


trough. After the blade has been 
used for a while, stray particles of 
dross will adhere to it, assuring a 
clean solder surface. Teflon blades 
last over three years. 

These operations should be per- 


High-Capacity Continuity Tester 
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Wiring continuity tester recently introduced by Autonetics Division of 
North American Aviation, Downey, Calif., will test one to 20 wires per 
second, depending on number of wires to a connector pin. It uses a master, 
does not need programming. Consoles can be ganged 
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electronic and electromechanical 
engineers in a unique role 


The engineers and scientists of Aerospace Corporation are in the fore- 
front of a rapidly advancing state-of-the-art in sensing and information 
systems. Their unique role: a critical civilian link uniting government 
and the scientific-industrial team responsible for development of space 
systems and advanced ballistic missiles. In providing scientific and tech- 
nical leadership to every element of this team, they are engaged in a broad 
spectrum of activities, from formulation of new concepts to technical 
review and supervision of hardware development by industry. Specific 
areas of interest include inertial and radio guidance,’ automatic control, 
communications, instrumentation, space- and ground-based computing, 
telemetering, tracking, auxiliary power, infrared, television, optics, and 
photography. Now more men of superior ability are needed; highly 
motivated engineers and scientists with demonstrated achievement, 
maturity, and judgment, beyond the norm. Such men are urged to write 
Mr. George Herndon, Aerospace Corporation, Room 116, P. O. Box 
95081, Los Angeles 45, California. 


Organized in the public interest and dedicated to providing objective leadership 
in the advancement and application of space science and 


technology for the United States Government. 


AEROSPACE CORPORATION 
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“Honest, Ivan, he wasn’t spying. 
He was going to Texas and his guidance system went haywire!” 


Guidance or communications system failures caa cause 


problems! Guard against them with Reeves-Hoffman 





oscillator reliability. Get the whole story. 


WRITE FOR BULLETINS $-1159 AND 1TCO/300-OC 
DIVISION OF 


DYNAMICS CORPORATION OF AMERICA 
HOFFMAN CARLISLE, PENNSYLVANIA 





FS/160 
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The worldwide success of Japan's 
transistor radios is a tribute to their 
highly efficient yet minute components, 
ef which the ultra-small Mitsumi IFT 
Poly-vari-con is typical. With other 
superb Mitsumi parts, it is being ex- 
tensively used by leading radio manv- 
focturers. 


POLY-VARI-CON 


Intermediate Variable 
Frequency Capacitor 
Transformer 


Mitsumi Parts 


MITSUMI ELECTRIC CO., LTD. 
1056-1, Koadachi, Komae-cho, Kitatama-gun, Tokyo, Japan, 
TEL: (416) 2619 2692 2219 ¢ 








84 CIRCLE 84 ON READER SERVICE CARD 

















formed in an exhaust hood or in 
a well-ventilated area to dissipate 
any fumes which might be given 
off by the heated plastic. 


Coating and Bonding 
Copper by Diffusion 


DIFFUSION BONDS of copper to cop- 
per and some other alloys can be 
made by a new technique announced 
by Chase Brass & Copper Co., 
Waterbury, Conn. Joints are re- 
ported to be as strong or stronger 
than the base metal and to retain 
electrical and thermal conductivity. 
When made under proper condi- 
tions, the bond has no interface. 

The copper is coated with a dis- 
persion of finely-ground phosphor- 
ous copper in a lacquer-type vehicle. 
This can be applied to fabricated 
parts or to copper strip before it is 
rolled to finished gauge. Coated 
strip can be annealed in non-oxidiz- 
ing atmosphere and blanked, deep 
drawn, bent or stamped. 

Coated parts are bonded by plac- 
ing them in contact and heating at 
1,700 F to 1,800 F in a hydrogen 
or inert atmosphere for a _ short 
time, usually five to 15 minutes. The 
vehicle evaporates. 

The Chase Research and Develop- 
ment Department has developed 
three joining methods. The coating 
can be placed on a copper mill prod- 
uct or fabricated part before bond- 
ing. Second, at least one of any two 
parts to be joined is made of copper 
strip coated before final rolling. 
Third, an insert of thin strip, pre- 
coated on both sides, joins two un- 
coated parts. 

At its present stage of develop- 
ment, the process has some limita- 
tions. After bonding, the base metal 
is fully annealed. Some applications 
will permit mechanical working to 


Sample edge-to-surface joints were 
made with coated strip with un- 
coated edges 
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increase hardness and tensile prop- 
erties. The process is suitable for 
some copper alloys, particularly 
those with high copper content. 

True diffusion bonds have not 
been achieved yet with brass con- 
taining more than five percent zinc. 
However, braze type joints have 
been obtained by the process with 
brass containing up to 30 percent 
zinc. These joints have a separate 
phase at the bond line. 

Anticipated applications include 
motors, generators, transformers, 
switchgear, relays, control equip- 
ment, electronic tubes, microwave 
devices, semiconductors and heat 
exchangers. Experimental samples 
are available. 


Conductive Epoxies 
Solder Without Heat 


CONDUCTIVE SILVER EPOXY that can 
be used as a low-temperature, flux- 
less “solder” is announced by 
Products, Inc., Irvington, 
N. J. After curing, it can be plated 
and soldering can be performed on 
the plated surface. 

Bonds with a shear strength of 
3,200 psi have been obtained on 
steel-to-steel, according to the firm. 
Aluminum will tear before the 
bond fails and good bonds are also 
obtained with dissimilar metals, 
it reports. 

Suggested applications include 
field repairs on printed circuits, 
bonding electron tube caps to glass 
tubes, bonding tantalum slugs to 
capacitor cans, connections to heat- 
sensitive semiconductor devices 
and ground aluminum capacitors 
to steel chassis. 

The epoxies have resistivity be- 
tween 0.01 and 0.0001 ohms-cm. 
They are made as paste which cures 
at temperatures as low as 125 C, 
or two-part paste which cures at 
room temperature. 


Epoxy 
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Rectifier circuits. ..full~ 


wave bridge and half-wave 
...use highest quality 
miniature silicon diodes. 


Relay shown 14 times actual size Note potted construction. 


NEED AC-OPERATED MILITARY RELAYS? 





For reliable switching try “Diamond H” 
Series RA and SA relays with a-c coils 





These relays are identical in size and weight to Hart’s widely 
specified Series R and S d-c relays and meet the same specifi- 
cations*. And, thanks to their unique design, they provide the 
same shock resistance (to 50G), the same vibration resistance 
(to 20G-2000 eps), and the same performance under temper- 
atures ranging from —65°C to +125°C. Contact ratings from 
dry circuit to 10 amps, 115 volts a-e resistive and 30 volts 
d-c resistive. 

The complete line of ““Diamond H” miniature hermetically- 
sealed relays includes hundreds of models. Contact ratings, 
pull-in and drop-out times, temperature, vibration and shock 
ratings, mounting arrangements and other specifications can 
be varied to meet your particular performance requirements. 
Ask for descriptive literature and specification list. 


*Like the R and S series, they meet the requirements of MIL-R-5757C. Models 
are also available to fill the requirements of MIL-I-6181. 


ce HART 


MANUFACTURING COMPANY 
202 Bartholomew Avenue 
Hartford 1, Conn. 


Phone JAckson 5-3491 
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New On The 


X-Ray Flash 
0.03 «SEC EXPOSURE 


SMALL flash X-ray unit weighing 
40 lb and less than a cubic foot in 
volume is announced by Field Emis- 
sion Corp., McMinnville, Oregon. 
The instrument has applications in 
research and nondestructive test- 
ing. In medicine, its portability al- 
lows the X-ray device to be brought 
to the patient; its short exposure 


Digital Readout 
SELF-DECODING 


SELF-DECODING readout is announced 
by Datascope Corp., 4023 Irving 
Place, Culver City, Calif. Designed 
as a complete package, unit mounts 
inal x 3.1 inch panel, extends 2.5 
in. behind panel. 

Instrument decodes either binary 
inputs or pulse trains, and displays 
information in digital form. Six- 
teen } X 1} alpha-numerical char- 
acters are displayed at up to 50 
characters per second. Ten symbols 
are the normal decimal digits and 
six are to customer specification. 
Built-in memory keeps the last 
character without power. 

Each readout is lighted by two 
incandescent bulbs, wired in paral- 
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Market 


time prevents motion blur. 

Model 210 Flexitron has a peak 
power of 140 million watts and ex- 
posure time of 0.03 psec. The X-ray 
tube is housed in a hand held pistol 
grip about the size of a .45 auto- 
matic. 
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lel. A common light source can be 
used when units are mounted side- 
by-side. 

Unit operates on either 12 or 28 
volts d-c; power requirement is 0.57 
watt-second per bit; price is $20 to 
$50 depending on quantity. 
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Microwave Carrier System 
USES TRANSISTORS 


COMPLETELY transistorized micro- 
wave carrier system has been intro- 
duced by the Texas Division of 
Collins Radio Co., 1930 Hi-Line Dr., 
Dallas, Texas. 

MX-106 microwave carrier sys- 
tem requires 4 the rack space and 
consumes 4 the power of similar 
tube equipment. The system han- 
dles up to 600 voice channels whose 
quality meets or exceeds toll circuit 
requirements. An initial low chan- 
nel density system can be expanded 
easily and economically at any time. 

The system uses frequency divi- 
sion with single sideband, sup- 
pressed carrier techniques. Fre- 
quency allocations, sideband allot- 
ment, and carrier levels are com- 
patible with Collins MX-103 car- 


rier, Western Electric L-type car- 
rier, CCITT and others. Multiple 
modulation techniques are used to 
form a composite baseband signal 
for broadband transmission. 
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Video Amplifier 
PASSBAND TO 11 MC 


TRANSISTORIZED video amplifier was 
designed to transmit television sig- 
nals from missile launching pads. 
It gives high resolution and per- 
mits tv cameras to be placed at 
greater distance than was hereto- 
fore considered possible. The unit 
also serves as a general-purpose 
wide-band video amplifier. Con- 
struction is to military specifica- 


es 
f é tg 


ome 
bass ct 
tions—government source 
tion if required. 
Technical specifications include: 


inspec- 
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new SOLA 
transistorized 
d-c Supply... 











reliably regulates d-c voltage — 
right down to the last “ripple”! 


New highly sensitive SOLA ‘‘CVQ’’ provides trans- 
istor-regulated d-c output ideal for computers and other 
voltage-sensitive equipment. Response to voltage 
change is so rapid the CVQ even attenuates 120-cycle 
ripple! Yet, with it all, this new d-c supply introduces 
a revolutionary circuit simplicity — providing signifi- 
cant savings in sizes . . . more watts per dollar! 


CVQ combines exclusive transistorized shunt regula- 
tion with SOLA’s inherently self-protecting, static- 
magnetic transformer . . . easily meets the most taxing 
demands of dynamic loading. Voltage holds in spite 
of widely fluctuating loads. The result is longer equip- 
ment life, more trouble-free operation. Contact our 
area representative for complete specifications and 
prices. Or write today for literature on CVQ. 


April 21, 1961 


Standard models available at 5, 6, 10 and 12 volts 
d-c (100-130/181-235/200-260 volt input). 

Output regulated within +0.04% for line voltage 
variations +15%; 0.2% static-load regulation, 0 to 


full load. 


e Excellent transient response. 
e Inherent protection against output over-voltage safe- 


guards both supply components and external circuitry. 


@ Short-circuit proof design. 
e Compact mechanical layout — only 1214 x 514 x 19” 


S O SOLA ELECTRIC CO, 
Busse Road at Lunt, 
LA BP Elk Grove Village, III. 


HEmpstead 9-2800. 


IN CANADA, Sola-Basic 
Products Ltd., 377 Evans 


Ave., Toronto 18, Ontario 


Division of 
Basic Products Corp. 
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bandpass from 15 eps to 11 Me + 3 
db, 20 cps to 8 Mc + 0.5 db; gain of 
18 db, 1 volt peak-to-peak input, 10 
volts peak-to-peak output maxi- 
mum; impedance, 75 ohms in and 
out. 

Amplifier model 1011 is equalized 


Small Push-Switch 
INTERLOCKED GANGS 


PUSH-SWITCH that can be used indi- 
vidually or in interlocked, ganged 
groups has been announced by 
Pepco, Inc., 2080 Placentia Ave., 
Costa Mesa, Calif. 

The individual snap-action switch 
is 1? inch long, and occupies less 
than 1 inch behind the panel. Solid 
silver alloy contacts provide 100,- 
000 cycles at rated load. For low- 








h Parameter Tester 
HIGH-SPEED OPERATION 


PARAMETER TESTER will test the four 
h parameters of any signal transis- 
tor to an accuracy of 2 percent, 
over wide operating ranges, in 
either grounded base or grounded 
emitter configurations. Test equip- 
ment does not require d-c or a-c 
rebalancing when switching be- 
tween grounded base and grounded 
emitter. 

Designed for laboratory and pro- 
duction line, the equipment has in- 
stantaneous pushbutton calibration, 
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for up to 2,000 ft RG-11/U coaxial 
cable + 14 db from 20 eps to 8 Mc; 
it is manufactured by Community 
Engineering Corp., 234 East Col- 
lege Ave., State College, Pa. 
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level switching, gold-plated contacts 
are available. The unit can also be 
provided with O rings and seal to 
meet MIL spec 6743. 

Switch load is 5 amp resistive, 3 
amp inductive. Contacts to 6-pole 
double-throw; a variety of inter- 
locking modes is available. 
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mercury-wetted relays, 10 cps nar- 
row band signal amplifier, and two 
separate power supplies. 

Price is $1,500, less test oscil- 
lator and readout meter; delivery 
is 30 days; from Tenco Electronics, 
Inc., 108 Cummington St., Boston 
15, Mass. 
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Oscilloscope Display 
100 CHANNELS 


ELECTRONIC commutator and moni- 
tor oscilloscope have been combined 
to produce a display of up to 100 
channels of information. Data 


transmission is accomplished over 
a single coax line or a single radio- 
frequency channel. Input voltage is 
0 to +5 v dc, input impedance is 
100,000 ohms, frame rate of 100 
per sec. Accuracy (including dis- 
play) is 2 percent of full scale, 
crosstalk is better than 50 db and 
input power (less display) is 35 
watts, 115 v, 60 eps. 

The data are displayed as a series 
of bar graphs with applications to 
go/no-go checkout of complex sys- 
tems, display of data telemetered 
from aircraft and missiles, and dis- 
play of data obtained from unin- 
habitable locations such as high 
powered radars and nuclear react- 
ors. Manufacturer is Sierra Re- 
search Corp., 240 Cayuga Road, 
P. O. Box 22, Buffalo, N. Y. 
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Edgewise Meters 
HERMETICALLY SEALED 


LINE of long scale, three inch edge- 
wise d-c and a-c meters has been 
developed by Minneapolis-Honey- 
well Precision Meter Div., Grenier 
Field, Manchester, N. H. 

The hermetically sealed instru- 
ment is available for d-c voltage 
and current (200 microamperes 
and up) and uses rectifiers for a-c. 
Mechanism is shielded and panel 
material has no influence on cali- 
bration. 

The instrument, MDE-3, may be 
mounted horizontally or vertically. 
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Signal Generator 
TUNING FORK CONTROL 


FORK STANDARDS, INC., 1915 N. Har- 
lem Ave., Chicago 35, Ill. Minia- 
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Pick up and examine several dif- 

ferent brands of wire and cable. a cer | 
Almost identical, aren't they? Their similarity with regard 
to quality, however, is just as much an illusion as the art 
form above. 

Although similar materials and equipment may be used 
in making all brands of wire and cable, one brand—Hitemp 
—will outlast, outperform the others. 

Idle chest thumping? No! Hitemp has the greatest store 
of experience in the industry —two modern production facil- 
ities that are second to none—and more than one-fourth 


April 21, 1961 


Are lines A thru G parallel? 











illusion 





of its entire work force devoted solely to inspection and 
quality control. 


Hitemp products are for you, the wire and cable user 
who requires quality and reliability that is fact, not illusion. 


Hitemp is a Division of Simplex Wire & Cable Co. 


HITEMP WIRES Co. 


1200 SHAMES DRIVE, WESTBURY, NEW YORK 
1532 S. CALIFORNIA AVE., MONROVIA, CALIF. 
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S. S. White Industrial Division Dept. 
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FOR SUPERFINE CUTTING 


OF HARD, BRITTLE MATERIALS 


Industrial 
Airbrasive’ Unit 


There may be easier ways to tap junior’s piggy bank... but none that could 
craftily slice a piece out of a fragile ceramic part the way Industrial 
Airbrasive can. 

The secret of the Airbrasive’s ability to cut hard, brittle materials is its 
accurate stream of gas-propelled abrasive. The cutting action is cool and 
completely shockless. Highly flexible in use, the same tool will make a cut 
as fine as 0.003” or it will frost, abrade or clean a large area. 

Every day new uses are being found for the Airbrasive in production 
lines and in the laboratory . . . deburring small parts... shaping, drilling or 
cleaning germanium and other crystals ... wirestripping potentiometers .. . 
removing fine films... printed circuits ... micromodules...and many others! 

Important too; the cost is low.. 


. for under $1,000 you can set up your 
own Airbrasive cutting unit! 


Send us your most difficult samples and we 
will test them for you at no cost. 


SEND FOR 
BULLETIN 6006 
. complete information. 
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New dual Model D! 
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10 East 40th Street, New York 16, N.Y, 


ture, precision signal generator has 
its frequency stabilized by a tem- 
perature compensated tuning fork, 
and provides 1 mw output in either 
a sine or square wave. Transistor- 
ized unit is potted and hermetically 
sealed in a box of approximately 
6 cu in. Prices range from $110 
for a 0.5 percent accuracy square 
wave unit, to $205 for a 0.002 per- 
cent accuracy sine wave unit. 
CIRCLE 309 ON READER SERVICE CARD 


Static Inverter 
SOLID STATE 


ADVANCED ELECTRONICS CORP., 2 
Commercial St., Hicksville, L. I., 
N. Y. Model IPD-10 is a 100 v-a 
static inverter for missile and air- 
borne applications. It converts a 
nominal 28 v d-c battery power to 
400 cycle, a-c output, 25-115 v, 
with output regulation of + 1 per- 
cent. Unit is capable of continuous 
operation over temperature range 
of — 35 C to + 75 C. 
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Insulation Measurement 


ROHDE & SCHWARZ SALES CO., INC., 
111 Lexington Ave., Passaic, N. J. 
Designed for resistance measure- 
ments, the Jahre teraohmmeters 
cover the range 2 megcenms to 5,000 
teraohms at potentials up to 1,000 v. 
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Miniature Dial 
CONCENTRIC SCALE 


BORG EQUIPMENT DIVISION, Am- 
phenol-Borg Electronics Corp., 120 
S. Main St., Janesville, Wisc. Only 
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Use these handy prepaid READER SERVICE POST CARDS 
for more detailed information on: PRODUCTS ADVERTISED, 
NEW PRODUCTS “On the Market”, LITERATURE of the WEEK 


CHECK COUPON FOR 
FREE REPRINT of the MONTH 


“Designing Avalanche Switching Circuits,’’ by Richard P. Rufer 





A seven page article on how to select transistors for avalanche 
circuits and how to design the circuits. One copy per person only. 
For more, regular rates apply. 











Circle the number on the READER SERVICE post card at the right that corresponds to the 
number at the bottom of Advertisement, New Product item, or the Literature of the Week 
selection in which you are interested. 


Please print clearly. All written information must be legible in order to be efficiently pro- 
cessed. 


ALL FOREIGN INQUIRIES that cannot reach electronics before the expiration dates noted 
on the Reader Service post card, must be mailed directly to the manufacturer. The manufacturer 
assumes all responsibilities for responding to inquiries. electronics merely provides and clears 
requests for information from inquirer to manufacturer. 


Correct amount of postage must be affixed for all foreign mailings. 


TO SUBSCRIBE TO OR TO RENEW electronics — Fill in the ‘‘For Subscriptions’ area on the 
card if you desire to subscribe to or renew your present subscription to electronics. Send no 
money. electronics will bill you at the address indicated on the Reader Service post card. 


MULTI-PRODUCT ADVERTISEMENTS — For information on specific items in multi-product 
advertisements which do not have a specific Reader Service number indicated write directly 
to manufacturer for information on precise product in which you are interested. 


REPRINT SERVICE 


The Reprint Service Department offers 4 types of reprints for sale: 1 — Reprints of Special 
Reports as they appear with definite costs for varying quantities; 2 — Reprints of Special Re- 
ports that have appeared in past issues; 3 — Reprints of other editorial material in the current 
issues (minimum order is 100); and 4 — Reprints of editorial that has appeared in past issues 
(minimum order is 100). On other than Special Reports we cannot publish prices because the 
order may involve any number of editorial pages depending upon the length of the article. 


Actual reprint costs, handling charges, postage, etc. bring the costs for Special Reports to: 
75 cents for a single reprint; 60 cents each for 11 to 24 copies; 50 cents each for 25 or more. 


For tearsheets or single photocopies of any electronics editorial article ever printed .. . see 
reverse side of this page. 


For list of Reprints of past Special Reports available see reverse side of this page. 
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All electronics Editorial Matter 


Can Be Made Available in Reprint Form 


FOR SINGLE REPRINTS: electronics offers reprints or photocopies of all the editorial matter 
printed since its inception. Single copies of articles from the very first issue of electronics, 
printed in April, 1930 to the very latest issue may be obtained. (If available as tearsheets they 
are free). Photostatic copies are offered at cost. Write today for a copy of any article you desire. 


Bulk reprints are available in quantities of 100 or more at the nominal cost of reproduction. 
Prices for such reprints are not available as they will vary with the length of the article, color, 
makeup, etc. 


Reprints can be made up with the original cover of the magazine and your advertisement or 
other merchandising message on the back page. 


Please write to Reprint Service Dept., electronics, 330 West 42nd St., New York 36, N.Y. or tel- 
ephone LO 4-3000 Ext. 3140 for all information pertaining to reprints. 
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1 in. in diameter, or 1 5/32 in. with 
addition of a finger-tip brake, the 
3000 series Microdial projects from 
a panel of only 15/16 in. and can 
be grouped as closely as 1} in. 
centers. It is designed for accurate 
angular positioning of any preci- 
sion pot or shaft-controlled device 
of 10 turns or less. 
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Test Instrument 
FOR ULTRAFAST DIODES 


COMPUTER CONTROL CO., INC., 983 
Concord St., Framingham, Mass. 
Model DRT-40 provides fast and 
accurate answers in measuring 
semiconductor diode reverse recov- 
ery characteristics by means of a 
stored charge technique. It is de- 
signed for diode manufacturers, 
diode users and circuit designers. 

CIRCLE 313 ON READER SERVICE CARD 


Digital Converter 


WINSCO INSTRUMENTS & CONTROLS 
co., 11789 W. Pico Blvd., Los An- 
geles 64, Calif. Used with digital 
frequency-period counters, the all 
solid state digital converter pro- 
vides a means for direct measure- 
ment of temperature, pressure, and 
other process variables. 
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Subminiature Switch 
EXTREMELY SENSITIVE 


MICRO SWITCH, a division of Minne- 
apolis-Honeywell Regulator Co., 
Freeport, Ill., announces a submini- 
ature switch designed for tempera- 
ture or pressure control for mili- 
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(2) FERRITES 


(3) CERAMICS (4) ALUMINUM OXIDE 


ULTRASONIC MACHINING: 1. dicing silicon wafers; 2. cutting ferrite cores; 3. cutting 
holes and slots in ceramic tube spacers; 4. drilling holes in aluminum oxides. 











Low-cost, high-speed 


PRECISION MACHINING 


of hard or brittle materials with 


ULTRASONICS 


The delicate cutting operations shown above were all performed with 
Impact Grinders—Raytheon’s ultrasonic machines that drill, slice, 
engrave, trepan or shape hard and brittle materials. 





Design, materials and production engineers who have tried this remark- 
able technique agree that it is the optimum method for machining such 
materials as silicon, germanium, ferrites, ceramics, carbides and glass. 


In impact grinding the tool is made to vibrate ultrasonically as abrasives 
are introduced between tool and workpiece. 


Find out how one of these cost-saving, high-production-rate units can 
solve your machining problem. 


SEND FOR BROCHURE No. 
2-300 today. Address Ray- 
theon Company, Production 
Equipment Operations, Com- 
mercial Apparatus & Sys- 
tems Division, Technical In- 
formation Service, Waltham 
54, Massachusetts. 


MODEL 2-332 Raytheon Impact Grinder 


RAYTHEON COMPANY 





COMMERCIAL APPARATUS & SYSTEMS DIVISION 
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IS YOUR 
BEST SOURCE 


SOLDERING LUGS 
TERMINALS 
PRINTED CIRCUIT 
HARDWARE 





HERE’S WHY: 


@ Specialized high production 
techniques afford lowest possible 
unit cost. 


® Precision tooling, rigid quality 
control assure tolerances to critical 
specifications. 


@ Ample stocks of over 1000 differ- 
ent parts permit prompt delivery. 


@ Malco specializes in a complete 
line of small stampings for Radio- 
TV, electrical/electronic and auto- 
motive industries. 


@ Our line includes terminals and 
printed circuit hardware in loose 
or in chain form for automatic 
insertion. 

Let Malco show you how you can save 
on production time and costs. Contact 
us today. 


REQUEST 
BULLETIN 











4023 W. LAKE ST. * CHICAGO 24, ILL. 
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tary, electronic or instrument 
applications. Operating force for 
the switch is a maximum 33 0z., 
release force 1 oz maximum; dif- 
ferential travel 0.001-in. maximum; 
overtravel 0.003-in. minimum and a 
0.008-in. minimum break travel. 
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Mobile Oscillograph 
EASY TO HANDLE 


SANBORN CO., 175 Wyman St., Wal- 
tham 54, Mass. Model 297 two- 
channel oscillograph recording 
system, which uses plug-in inter- 
changeable “850” style preampli- 
fiers, is housed in a 35-in.-high 
wheel mounted cabinet that permits 
easy movement between rooms or 
into and out of elevators. Fre- 
quency response to 125 eps, within 
3 db at 10 mm peak-to-peak ampli- 
tude; gain stability better than 1 
percent over 20 C_ temperature 
changes and 20 v power line varia- 
tions; max nonlinearity 0.25 mm. 
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Alarm Scanner 


THE BRISTOL COMPANY, Waterbury 
20, Conn. A 200 point transistor- 
ized instrument scans up to 200 
measured variables at the rate of 
one point per second. 
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Transformers 
AND REACTORS 


COMMUNICATION ACCESSORIES CO., 
Lee’s Summit, Mo., can now supply 
design and production of trans- 
formers and reactors with ratings 


@ 


* 
rae 
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ONLY AO TRACEMASTER 


_ OFFERS CONVENIENCE 


OF TILT-OUT 
WRITING TABLE! 


' Only the AO Tracemaster offers this con- 


venient, tilt-out writing table. Smooth, 
positive linkage lets you tilt the exposed 
section of the chart out to a just-right 50° 
angle. An automatic braking device on 
the paper take-up mechanism maintains 
taut, wrinkle-free chart surface across 
the table. 


You can tilt the table and measure the 
record or write on the chart while the 
Tracemaster is recording ... you don’t 
interrupt the trace or interfere with the 
amplitude of the record in any way. 
When you're finished, simply snap the 
table back flush with the front of the 
cabinet... paper take-up mechanism au- 
tomatically rolls up loose chart paper. 


This extra convenience is another of the 
plus benefits offered by the AO Trace- 
master... the World’s newest and finest 
8-channel direct writing recorder. Get 
the complete Tracemaster story in detail. 
Colorful, 32 page Brochure is yours for 
the asking. Write for your copy today! 


American Optical Company 


Instrument Division ¢ Buffalo 15, New York 
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Mild raiiet 


JEWEL BEARINGS 
are at the heart 
of accurate 

performance 


For peal erformane . 
a wide range of st: ‘Bir < 
Jewel Bearings, or Complet 
and Cushien Jone! Eee if you! 
sce “4 pre Samp one ng 

aid you in arriving a 

Write for your free copy the 

which has compte deta 


uses of jewel 
timing instruments ral 
1 Spruce St., 


serving industry —_ fine pe sine 


CIRCLE 210 ON READER SERVICE CARD 
April 21, 1961 





to 40 Kv and 1 Kva. These high 
voltage units are designed to cus- 
tomer specifications. Company has 
facilities for voltage breakdown 
and corona measurements which 
meet requirements for testing in 
accordance with MIL-T-27A. Deliv- 
ery 4 to 8 weeks. 
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Filter 


BURNELL & CO., INC., 10 Pelham, 
Parkway, Pelham, N. Y. A low 
transient response filter, possessing 
special time and steady state prop- 
erties, developed through the use 
of exact network synthesis. 
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Rotary Joints 
L-STYLE 


MICROWAVE DEVELOPMENT LABOR- 
ATORIES, INC., 92 Broad St., Babson 
Park 57, Wellesley, Mass. Eight 
different L-style waveguide rotary 
joints are now available in stock 
designs. They may be had in 
WR90 EIA waveguide sizes for 
operating ranges of 8,500 to 9,600 
Mc and 8,500 to 10,000 Me; in 
WR112 waveguide sizes for 8,500 
to 9,600 Mc; and in WR187 wave- 
guide sizes for 5,400 to 5,900 Mc. 
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Miniature Label 
SHOWS TEMPERATURE 


PYRODYNE, INC., 11973 San Vicente 
Blvd., Los Angeles 49, Calif. Model 


Now—faster service on 
complete line of top 
quality Hipersil® cores 


Eight stocking locations for 

Hipersil cores give fastest possible 

service: Greenville, Pa.; Boston; 

Chicago; Cleveland; Dallas; 

Hillside, N.J.; Los Angeles; 

Minneapolis. Line includes new 

EIA, RS-217 sizes. 

s Type C: 12, 4, 2 and 1 mil sizes, 
in single- and 3-phase, fraction 
of ounce to 300 pounds. 

» Rinc Cores: Untreated, edge 
bonded, impregnated and epoxy 
resin-coated Polyclad. 

s SPECIAL Cores: To any specifi- 
cation and shape requirements. 

Top quality: Performance of 

Hipersil cores in “‘iron-core”’ com- 

ponents is guaranteed to meet or 

exceed specifications. 

Write Westinghouse Electric Cor- 

poration, P.O. Box 868, Pitts- 

burgh 30, Pa., for new catalog. 

You can be sure...if it’s 


Westinghouse 
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‘sy REPORT 


PRECISION SIZE 5 MOTORS 
NOW AVAILABLE FROM STOCK 


Available for immediate delivery, these miniaturized Bendix® motors 
(type number CK 1066-40-A1) are designed for applications where 
space and weight requirements are at a minimum. So small that four 
can be packaged in a square inch, these motors are ideally suited for 
missile instrumentation and similar miniaturized applications. The 
motor has a tapered shaft; however, units may be obtained with other 
type shafts and with center tapped control windings. 


TYPICAL MOTOR 
CHARACTERISTICS 
Voltage 
Fixed phase 
Control phase 
Frequency 
Stal! Current* 


Stall lmpedance* 
Fixed Phase. . . 260 = 184.5+J183.5 ohms 
Control Phase. .260 = 184.5+3183.5 ohms 
Stall Power Input* (Total)... ..... 3.69 watts 
SURG Sos i es 0.138 oz.-in. 
No Load Speed 
Torquve-to-inertia Ratio..... .44,400 rad /sec? 
(Stall Acceleration) 
Operating Temperature 
Range.............—55°C. to +70°C, 
NER Ser ge See 0.88 oz. 


*With rated voltage applied to each phase. 


For information on these motors— 


or similar motors in sizes 8, 10, 11, 15, 


20, and 28—write: 





PEW PuASE 


” 


7) 





YOVEL WATTS INPUT 





AVERAGE PERFORMANCE CURVES 





BREES ag i i 

















Eclipse-Pioneer Division "Send 


Teterboro, N. J. 


District Offices: Burbank, and San Francisco, Calif.; Seattle, Wash.; 


Dayto 
Export Sales & Service: Bendix international, 205 E. 42nd St., New York 17 
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200 Temp-Plate is a miniature tem- 
perature indicating label. It is use- 
ful for instrumenting transistors 
and other miniature electronic com- 
ponents, inaccessible machinery 
areas, and general industrial or avi- 
ation equipment. The hermetically 
sealed device, a tiny plastic ad- 
hesive tab that sticks on almost any 
surface, turns black when its tem- 
perature reaches any desired value 
between 100 and 500 F. 
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Brake-Clutches 
IN SIZES 8 AND 11 


BOWMAR INSTRUMENT CORP., 8000 
Bluffton Road, Fort Wayne, Ind., 
has developed electrically operated 
brake-clutch components in sizes 8 
and 11 for servo applications. They 
have standard BuOrd mountings 
and are designed for use in motor- 
potentiometer, motor-gearhead or 
other control assembly configura- 
tions requiring fast stopping or 
starting. 
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Synchro Switch 


CLIFTON PRECISION PRODUCTS CO., 
INC., 5050 State Rd., Drexel Hill, 
Pa. Mounted on the end of a size 
8 synchro, the sector switch pro- 
vides a closed circuit when the 
synchro position exceeds +70 deg 
from electrical zero. 
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Test Jack 
SPACE SAVER 


SEALECTRO CORP., 610 Fayette Ave., 
Mamaroneck, N. Y. Press-Fit SKT- 
37 Teflon-insulated test jack re- 
ceives a 0.090 in. diameter probe, 
0.140 in. long. Overall diameter, 
above the chassis, is 0.218 in.; over- 


electronics 





all height, including mounting 
shoulder and soldering stud, is 
0.340 in. Test jack has a 0.170 in. 
diameter body for the through- 
chassis mounting. The electrical 
contact for the test probe is of 
beryllium copper, providing posi- 
tive, low-resistance conductivity for 
accurate take-off measurements. 
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Indicator Tube 


ELECTRONIC INDUSTRIES, INC., 18 
Marshall St., South Norwalk, Conn. 
Subminiature indicator thyratron, 
designed for use as a readout de- 
vice in miniaturized computer pan- 
els, measures a maximum of 0.210 
in. in diameter. 
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Digital Modules 
HIGH DENSITY 


PACKARD BELL COMPUTER’ CORP., 
1905 Armacost Ave., Los Angeles 
25, Calif., announces a line of low 
cost 200-Ke digital modules featur- 
ing two to four times the circuit 
density of previously available 
units. The modules are contained 
on 4 by 4 in. glass based p-c cards 
incorporating an Elco 35-pin con- 
nector. Four identical but inde- 
pendent flip-flop circuits are pro- 
vided on the model TF-101 typical 
of the line. This unit is priced at 
$110. 
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Recorder / Reproducer 
INSTRUMENTATION TYPE 


MINCOM DIVISION, Minnesota Min- 
ing and Mfg. Co., 2049 S. Barring- 
ton Ave., Los Angeles 25, Calif. 
The G-100 instrumentation re- 
corder/reproducer features wide 
dynamic range, _all-transistored 
electronics and bandwidth of 200 
cps to 300 Ke at 60 ips with analog 
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modules or d-c to 20 Ke with f-m 
modules. Selection of 6 tape speeds, 
7 or 14 tracks. 
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Isolation Transformer 
350-WATT UNIT 
ELCOR INC., 1225 W. Broad St., Falls 
Church, Va. Model L131 power Iso- 
former is a 350-w isolation trans- 
former featuring low distributed 
capacitance between the secondary 
winding and ground. Intended for 
general purpose laboratory use or 
for mounting as a component in 
equipment the unit permits isolat- 
ing from ground a complete instru- 
ment or a component circuit. 
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Voltmeter 


ORION ELECTRONIC CORP., 108 Colum- 
bus Ave., Tuckahoe, N. Y. Voltage 
scale is calibrated in rms voltage 
of a pure sine wave. Measures from 
0.1 mv to 300 v in 12 ranges. 
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Transistor Chopper 
FOR P-C USE 


AIRPAX ELECTRONICS INC., Cam- 
bridge, Md. Type 6020-3 molded 
transistor chopper operates over a 
d-c to 100 Ke chopping range. Drive 
voltage may be 2 to 20 v peak 
square wave or 5 to 20 v peak sine 
wave. The units operate over a 
—55 C to +125 C temperature 


REPORT 4° 





These Bendix® size 5 Autosyn 
synchros are well suited to the 
needs of missile instrumentation 
and similar applications requiring 
miniaturization and weight reduc- 
tion. Typical characteristics are 
listed below. For additional! infor- 
mation, including comprehensive 
data on transmitter, contro] trans- 
former, and differential character- 
istics, write today. 


TYPICAL 
OUTLINE 


.040 


























TYPICAL CHARACTERISTICS 


Operating temperature range. —55°C. to 95°C. 
Rotor ‘moment of inertia.......... 0.25 gm cm? 
WAR 6k cin ce ce Re ea hes 8 0.8 oz. 
15 minutes 
Available as transmitter, contro! 
transformer and differential. 


Manufacturers of 


GYROS « ROTATING COMPONENTS 
RADAR DEVICES + INSTRUMENTATION 
PACKAGED COMPONENTS 


Eclipse-Pioneer Division 


bey. 


Teterboro, N. J, 
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NEW FROM CEC...RACK 
AND PANEL CONNECTORS 
WITH MIL-SPEC CONTACTS 


NOW FOR THE FIRST TIME you can have a rack and panel 
connector with contacts made in accordance with MIL-C- 
26636 ...an exclusive CEC feature. And they are available in 
six configurations ... Die-cast aluminum shells in accordance 
with MIL-QQ-A-591A and insulator blocks of high-strength 
glass-filled diallyl phthalate per MIL-M-19833. Check these 
configurations with your requirements: 


SO0L-15: 
13 size 20 contacts, 
“19: -28: 
2 size 1 % 500L-28: 
ize 16 contacts 25 size 20 contacts, 
3 size 16 contacts. 





PELE 5, 
(9.0.0) 


| 




















hoo od 
SOO0L-30: 
25 size 20 contacts, 
5 size 16 contacts, 
5 standard RGS8/U 2 standard RGS8/U 
coaxial contacts. coaxial contacts. 


59 size 20 contacts, 
4 size 16 contacts, 


For more information, write for Bulletin CEC 4006-x12 


Electro Mechanical Instrument Division ( EC 


DATED ELECTRODYNAMICS / a california 
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range. Peak signal voltage may be 
as high as 30 v; maximum signal 
current is 3.0 ma. 
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Diode Classifier 
AUTOMATIC UNIT 


DYNATRAN ELECTRONICS CORP., 178 
Herricks Road, Mineola, N.Y. 
Model 1820 automatically classifies 
diodes at a rate in excess of 1,200 
per hr. The diodes are fed into a 
conveyor system in the oven unit 
where they are brought up to tem- 
perature and tested for reverse 
leakage characteristics at various 
reverse voltages. They are then 
automatically ejected into the cor- 
rect bin and counted. Shorted and 
open diodes are also separated. 
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D-C Amplifier 


UNITED ELECTRODYNAMICS, INC., 200 
Allendale Rd., Pasadena, Calif. 
Fully transistorized and operating 
from unregulated 28v d-c, the dif- 
ferential amplifier performs under 
airborne requirements. 
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mines Joint 
DUAL CHANNEL 


CANOGA CORP., P.O. Box 550, Van 
Nuys, Calif. Model RJXD-1C dual 
channel microwave rotary joint, 
both channels of which propagate 
X-band energy, consists of sections 
of waveguide; waveguide to coaxial 
transitions and a coaxial noncon- 
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tacting choke joint. The high power 
channel operates in a frequency 
range of 8.5 to 9.6 Gc; power han- 
dling of 250 Kw; vswr 1.2; inser- 
tion loss 0.4; vswr wow is 0.04 db; 
flanges UC-137A/U. 
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Photocells 


CETRON ELECTRONIC CORP., 715 
Hamilton St., Geneva, Il. Submini- 
ature lead sulfide infrared cells are 
all glass hermetically sealed. 
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Antenna Mount 

LOW-WEIGHT 
TEMEC, INC., 7833 Haskell Ave., Van 
Nuys, Calif. Designed for use in 
telemetry reception, as well as 
tracking aircraft, missiles and sat- 
ellites, model 10 antenna mount is 
a servo-controlled pedestal, for ship- 
board and ground based applica- 
tions, with an assembly weight of 
less than 600 lb. All servo compo- 
nents are housed within the ped- 
estal. The solid state drive system, 
employed throughout, controls 2- 
phase, 60 cps a-c servo motors of 
100 or 200 w which yield speeds 
up to 5 rpm. 

CIRCLE 335 ON READER SERVICE CARD 


L-Band Amplifier 


MELABS, 3300 Hillview Ave., Palo 
Alto, Calif. A low noise L-band 
diode parametric amplifier for in- 
stallation in AN/TPS-1D, AN/ 
TPS-1G and AN/FPS-36 radar sys- 
tems sets the system noise figure 
at 2 db or better. 
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High range... low range- 

3100 Ba M0) om Bn | =) om) A On 
PRESSURE TRANSDUCERS FEATURE 
BUILT-IN SHUNT COMPENSATION 


These new strain gage units are the most accurate and highly 
sophisticated pressure transducers ever built for rugged air- 
borne use. They were designed to outperform every known 
similar type of instrument ...and they do. 


Their shunt calibration feature permits the system designer to 
provide — quickly and simply—a complete calibration of his data 
handling system for precise control of associated equipment. 


Type 4-328 (square) is a low-range unit for pressure ranges of 
0-15 psi through 0-99 psi absolute. Standard ranges are 0-15, 
20, 30, 50 and 75 psi absolute. Type 4-329 (tubular) is a high- 
range unit for pressure ranges of 0-100 psi through 0-5000 psi 
absolute. Standard ranges are 0-100, 150, 250, 500, 1000, 1500, 
2500 and 5000 psi absolute. 


Here are some of the specifications they have in common: 
Rated electrical excitation: 20v dc or acrms; input Impedance: 700 ohms minimum. 
carrier frequency 0-20 kc. 


Sensitivity: 50 mv +0.25 mv into a 50k 
load at rated excitation and 77°F. 
Compensated temperature range: 
+30°F. to +250° F. 


Output impedance: 350 ohms +10% at 77°F. 


Shunt output: 33,270 ohms keyed across 
negative input and negative output pins 
at zero applied pressure, rated excitation, 
and 77°F., produces an electrical output 

Weight: 5.5 oz. max. exclusive of mating change equal to the sensitivity within a 
electrical connector. tolerance of +0.355%. 


For more information and complete specifications, call your 
nearest CEC sales and service office or write for Bulletin CEC 


4328-X4, or 4329-X4, 
Transducer Division { or 


CONSOLIDATED ELECTRODYNAMICS / pasadena, california 


Belle Howell - 
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ACE... 


the lacing tape with 
a NON-SKID tread 


You can’t see it, but it’s there! Gudelace is 
built to grip—Gudebrod fills flat braided 
nylon with just the right amount of wax to 
produce a non-skid surface. Gudelace con- 
struction means no slips—so no tight pulls to 
cause strangulation and cold flow. 

But Gudelace is soft and flat—stress is dis- 
tributed evenly over the full width of the tape. 
No worry about cut thru or harshness to 
injure insulation . . . or fingers. 

Specify Gudelace for real economy—faster 
lacing with fewer rejects. 


Write for free Data Book. 

It shows how Gudelace and 
other Gudebrod lacing materials 
fit your requirements. 


GUDEBROD sros. SILK Co., INC. 


ELECTRONICS DIVISION 
225 West 34th Street 
New York 1, New York 


WEST COAST OFFICE 
2833 S. Olive Street 


Los Angeles 7, Calif. 


EXECUTIVE OFFICES 
12 South 12th Street 
Philadelphia 7, Pa. 
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NEW HEAVY ; 
DUTY 2 & 3 


DIMENSIONAL 
ENGRAVER 


FOR 


Precision 


Apparatus 


Engraving 
Nameplates 

Fine Routing Work 

Profiling Small 


Objects 


Making Small Dies 
and Molds 


UHF COAXIAL 
WAVEMETERS 


we 
ad 2-75 
Centimeter 
Range 
Send for Illustrated Catalogs 


MICO INSTRUMENT CO. 


77 Trowbridge St. 


100 


Cambridge 38, Mass. 





Solid State Differential 
Battery Operated 


OPERATIONAL 
AMPLIFIER 


In Stock 
Model 203 Condensed Specifications: 
0.C. Voltage Gain: 
S.C. Current Gain: 
Common Mode Rejection: 
Output: 
Common Mode Input: 
Full Output to 10 KC min. 
Unity Gain Bandwidth: 


Voltage Drift: 


+5 volts 


500 KC at reduced 

amplitude 

less than 1 millivolt 

per = under 

laboratory conditions 

Quiescent Power: 2 m.a. at 18 volts 

Two Internal $ volt batteries — up to 200 hour 

battery life. 

We offer a number of plug-in units for fixed functions. 

Write for complete specifications. 


I Mouroe 


ELECTRONIC LABORATORIES, Inc. 
7 Vernon Street + Middleport, New York 
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Literature 
of the Week 


SCREEN ROOMS _ Erik A. Lind- 
gren & Associates, Inc., 4515 N. 
Ravenswood Ave., Chicago 40, IIl. 
Twelve-page folder describes dou- 
ble electrically isolated r-f rooms 
built in demountable sections. 
CIRCLE 337 ON READER SERVICE CARD 


MICROWAVE EQUIPMENT 
PRD Electronics, Inc., 202 Tillary 
St., Brooklyn 1, N. Y. A 4-page, 
3-color, bulletin 600 categorizes the 
company’s complete line of wave- 
guide and _ coaxial bolometers, 
thermistors and mounts. 
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MICROVOLT MODULATOR 
James Electronics Inc., 4050 No. 
Rockwell St., Chicago 18, Ill. A 
4-page catalog covers the Micro- 
Modulator, a solid state magnetic 
modulator for low level a-c and d-c 
instrumentation. 
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WIRE MARKING _ Kingsley Ma- 
chine Co., 850 Cahuenga Blvd., 
Hollywood 38, Calif., has published 
a folder on its equipment for mark- 
ing insulated wires and sleeving. 
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PACKAGED AMPLIFIERS 
Watkins-Johnson Co., 3333 Hill- 
view Ave., Stanford Industrial 
Park, Palo Alto, Calif. A technical 
bulletin describes the WJ-111 and 
WJ-112 packaged wideband ampli- 
fier units covering the 2 to 4 Ge 
and 1 to 2 Ge regions respectively. 
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TRANSFORMERS Preci- 
sion Electronics, Inc., 48 Merrick 
Road, Rockville Centre, N. Y., has 
published a 4-page facilities bro- 
chure describing its “assured relia- 
bility” concept for the production 
of transformers, coils, and induc- 
tive components. 
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P-C BOARDS & ASSEMBLIES 
Komak, Inc., 2632 W. Cumberland 
St., Philadelphia 32, Pa. Various 
stages of manufacture of printed 
circuits and subminiature precision 
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The reliable 
line with 
wide range 
design 
flexibility! 





Standard Types 


from 5 to 


1000 Watts 


MIL and 
Custom 
Types to 
Your 
‘Specs’ 





“Gray Line” Rheostats are 
exceptionally rugged .. . 
feature proven principles 
of construction that meet 
the most exacting specifi- 
cations. Special design fea- 
tures assure long life and 
protection under extremes 
of humidity and abnormal 
atmospheric conditions. 
The “buss bar” contact arm 
automatically adjusts for 
complete, continuous con- 
tact and smooth, flexible 
control. H-H blue-gray, 
high temperature enamel 
is thermo shock proof, 
gives increased service life. 


Hardwick Hindle “Gray Line” 
Rheostats, Resistors, and Po- 


tentiometers are 
See 


available nation- 
wide at all H-H 
authorized dis- 

tributors. 
HARDWICK 
HINDLE:- INC 
40 Hermon Street 
Newark 5, New Jers: 





of Quality 
since 1924 


parts are described in an 8-page 
brochure. 
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WIRE WOUND RESISTORS 
International Resistance Co., 401 
N. Broad St., Philadelphia 8, Pa. 
Close tolerance power wire wound 
resistors are described in a two- 
page bulletin (P-8). 
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TUNNEL DIODE CIRCUITS 
Transitron Electronic Corp., 168 
Albion St., Wakefield, Mass., has 
prepared a 16-page handbook, AN- 
1359A, on circuit design of the tun- 
nel diode. 
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CIRCUIT MODULE-AMPLIFIER 
Datex Corp., 1307 S. Myrtle Ave., 
Monrovia, Calif. Bulletin DPS/A8 
contains an illustration and specifi- 
cations for the CM-114 circuit 
module-amplifier. 
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CARTRIDGE RECTIFIERS 
Electronic Devices, Inc., 50 Web- 
ster Ave., New Rochelle, N. Y. A 
technical bulletin on a line of sili- 
con SerieSil high voltage cartridge 
rectifiers is available. 
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GERMANIUM DIODES Ohmite 
Mfg. Co., 3668 Howard St., Skokie, 
Ill. Bulletin 164 lists stock MIL 
and commercial glass-enclosed ger- 
manium diodes with net quantity 
prices. 
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VARIABLE INDUCTORS  Corn- 
ing Electronic Components, Brad- 
ford, Pa. Reference data sheets 
are available on 11 models of stand- 
ardized variable inductors. 
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SWITCHES Hamlin Inc., Lake 
and Grove Streets, Lake Molls, 
Wisc. Bulletin covers hermetically 
sealed, magnetic reed switches. 
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TRANSISTOR GUIDE Philco 
Corp., Church Road, Lansdale, Pa., 
has published a “Transistor Guide 
for Communications Circuit De- 
signers”. It will be mailed to those 
requesting under company letter- 


electronics fills you in on every phase 


| of the electronics industry each week 


featuring engineering and technical 
data every issue. Latest economic 
trends, technically interpreted, to 


| help you make sound plans. Facts 
| you’ll want to file and keep. Sub- 
| seribe now. Mail the reader service 


card (postpaid) to electronics, the 
magazine that helps you to know and 
to grow! Rates: three years for $12, 
one year for $6; Canadian, one year 
for $10; foreign, one year for $20. 
Annual electronics BUYERS’ 
GUIDE (single issue price $3.00) 
included with every subscription. 


it’s read 
more by 
all 4! 


so “a 
w a 


SUBSCRIBE TODAY TO 


Mie aaa) oes 2 ok head. 
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PEOPLE AND PLANTS 





Librascope Erecting New Facility 


LIBRASCOPE DIVISION, General Pre- 
cision, Inc., Glendale, Calif., an- 
nounces work has begun on a new 
facility specially designed for de- 
velopment and production of equip- 
ment for aircraft, missiles, and 
space vehicles. 

The building is being con- 
structed on a 30-acre site in San 
Marcos, Calif., and will become the 
new headquarters of the company’s 
Aerospace Branch, according to 
W. E. Bratton, Librascope presi- 
dent. 

Scheduled completion date for 
the 24,000-sq-ft building is Sep- 
tember 1. 

Construction of the new building, 
company says, is part of a major 
expansion program initiated to 
keep pace with Librascope’s cur- 


General Electric 
Promotes Bennett 


E. C. BENNETT has been appointed 
manager-Naval operations product 
planning in GE’s heavy military 
electronics department in Syracuse, 
N. Y. He joined the company in 
1960 as a systems planning engi- 
neer for Naval surface operations. 
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rent and future growth. 

The building will facilitate de- 
velopment and production of Libra- 
scope’s growing line of minia- 
turized, airborne digital computers 
and associated devices. 

The facility will include a metal- 
plating laboratory, an electronics 
laboratory, a completely equipped 
machine shop, and precision equip- 
ment for fabricating computer 
memory devices. In addition, facili- 
ties will be provided for design, 
drafting, assembly and administra- 
tion activities. 

The facility will be staffed by ap- 
proximately 200 people. 

Key Aerospace Branch personnel 
will move from Glendale to San 
Marcos to form the nucleus of the 
staff. 


Titan Transformer 
Acquires New Plant 


TITAN TRANSFORMER CO. has moved 
from Watertown, Mass., to a new 
12,000 sq ft manufacturing plant 
in Cambridge. 

The company, organized about 
six months ago, specializes in the 
design and manufacture of trans- 
formers and other magnetic de- 
vices for critical military electronic 
and missile system applications. 


Bendix-Pacific 
Appoints Gerrard 
JOHN A. F. GERRARD has been named 


director of electronics engineering 
for Bendix-Pacific division, North 


Hollywood, Calif. 

Gerrard was formerly associated 
with Texas’ Instruments, Inc., 
where he directed a research de- 
partment involved in projects in- 
cluding signal generation, detection 
and analysis, antisubmarine war- 
fare, and transducers. He has been 
a consultant to the President’s 
special assistant for technology and 
a member of the President’s panel 
on seismic improvement. 


Transco Products Hires 
Project Engineer 


WILLIAM STUCKEY has joined 
Transco Products, Inc., Los Ange- 
les, Calif., as project engineer. He 
comes to Transco after 9 years 
with Lockheed Aircraft Co. in 
electronic design. 


Kieran Dunne Joins 
Computer Devices 
COMPUTER DEVICES CORP., Hunting- 


ton Station, N. Y., announces that 
Kieran R. Dunne has joined the 


company’s top management. As 
vice president, he will take full 
charge of the organization and ad- 
ministration of the company’s 
engineering and manufacturing 
facilities which are exclusively 


electronics 
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Capacitors for 


OO: 
Circuit Design 


Unusual requirements in capacitance, 
tolerance, case size or configuration no 
longer need compromise your circuit 
designs. SOUTHERN ELECTRONICS’ engineers 
are experienced in solving these problems 
to the extent that non-standard capacitors 
have become routine at SEC. 


SEC has developed multiple block capaci- 
tors that are now saving space and weight 
in a production missile. Two 12mfd capaci- 
tors were designed to take less space than 
one, with improved electrical characteris- 
tics. In another application, SEC eliminated 
6 tubular capacitors, utilizing a single can, 
6 terminals and a common ground. Result: 
Room for additional components, easier 
wiring, and a less expensive component. 

SEC, in addition to designing special 
Capacitors to save weight and space, has 
developed dual-dielectrics to solve unusual 
temperature coefficient problems, and has 
introduced special dielectrics and oils for 
extreme high temperature and high voltage 
applications. 


This engineering know-how has resulted 
in the use of SEC capacitors in twelve U.S. 
missiles, analog computers, and many radar 
and communications services. 

SEC capacitors are manufactured in a 
wide range of capacitance to meet your 
needs from 100mmf to any higher value, 
with tolerances as low as 0.1%. They are 
made under unusually critical quality con- 
trol standards, and meet or exceed the most 
rigid MIL-SPECS. 





~ SOUTHERN: 
ELECTRONICS, 


Co “to ration 


BURBANK, CALIFORNIA 
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1 | 
150 WEST CYPRESS AVENUE | 

i) 


Infinite Resolution 
.01% Linearity 
Low Noise 
Long Life 
Low Torque 
Low Inductance 
and capacitance 
Unique design —— A pre- 
cious metal brush of — 
light contact pressure, slides 
Model 106S across a single helically wound 
length of resistance wire. The 
brush follows the exact helical 
path of the resistance wire, thus 
no sliding or helical error can oc- 
cur. This insures extremely long 
wire life, true stepless output, 
high accuracy and low noise. 


WIRE 
WOUND 


INFINITE 
Model isis RESOLUTION 


MULTI-TURN 
POTENTIOMETERS 
VOGUE Conroration 
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GOT 
A PROBLEM 
OF TUBE OR 
COMPONENT 
RETENTION? 


Birtcher produces more than 10,000 types 
and styles of tube and component reten- 
tion and cooling devices. The solution to 
your tube, transistor and component cool- 
ing and retention problems can probably 
be found in the new Birtcher catalog. If 
not, send us your problem and we'll design 
number 10,001. 

available from 


authorized Birtcher distributors 


NEW! 
Write today for your 


copy of the new 
comprehensive Birtcher 
Retention/ Cooling 
Devices Catalog. 


THE BIRTCHER 
CORPORATION 


INDUSTRIAL DIVISION 
‘= B 745 South Monterey Pass Road, 


Monterey Park, California 
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TELEMETRY BY 
TELE-DYNAMICS 


Universal Millivolt 
Subcarrier Oscillator 


For your aerospace telemetry needs here 

is a new Subcarrier Oscillator with true 
differential input... direct actuation 
from outputs of grounded or ungrounded | 
thermocouples, strain gage bridges and | 
any transducer with millivolt level out- | 
put. Other features include isolated in- | 
put and output, high common mode re- 
jection with no D.C. level restrictions 
and all silicon semiconductors. 

Tele-Dynamics’ Type 1254A directly 
replaces the combination of preamplifier 
and high-level subcarrier oscillator now 
used in FM telemetry and assures reliable 
operation in aerospace environments. 

For detailed technical bulletins, call 
the American Bosch Arma marketing 
offices in Washington, Dayton or Los 
Angeles. Or write or call Tele-Dynamics 
Division, American Bosch Arma Corpo- 
ration, 5000 Parkside Avenue, Philadel- | 
phia 31, Pa. Telephone: TRinity 8-3000. 


See this and other new Tele-Dynamics’ 
components in Booth E 50 at the National 
Telemetering Conference May 22nd, 23rd, 
24th at Sheraton Towers, Cnicago. 


TELE-DYNAMICS 


DIVISION | 


CORPORATION 
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geared to the design and produc- 
tion of electromagnetic and mag- 
netostrictive delay lines. 

Dunne has organized and headed 
delay line departments for such 
companies as Harnett Electric Co. 
(a division of Hazeltine Corp.), 
The Filtron Corp., and Control 
Electronics Co., Inc. 


Viking Industries 

Appoints Beacham 
EDWIN F. BEACHAM has been ap- 
pointed to the newly created posi- 
tion of vice president of operations, 
connector division, of Viking In- 
dustries, Inc., Canoga Park, Calif. 
He will direct and coordinate ac- 
tivities of the engineering, market- 
ing and manufacturing depart- 
ments. 

Previous to this appointment, 
Beacham was vice president of 
manufacturing at Viking. 


Radiation Inc. Names 
Marketing V-P 


RADIATION INC., Melbourne, Fla., 
has appointed John T. Hartley as 
vice president, corporate market- 
ing. 

Hartley became part of the com- 
pany’s research staff in 1956, then 
rose to staff engineer, technical ad- 


visor in the advanced programs 
department, and later assistant 
manager of that department. He 
was made director of marketing in 
1959. Prior to being named market- 
ing vice president, he served as 
executive assistant to the vice presi- 
dent, operations; and on special 
assignment as program manager 
for the company’s Dyna-Soar proj- 
ect. 


Raytheon Acquires 
New Subsidiary 


TRANS-SIL CORP., manufacturer of 
modular silicon rectifiers used in 
atomic submarines, recently be- 
came a wholly-owned subsidiary of 
Raytheon Co. Acquisition of the 
Englewood, N.J., firm had been 
previously approved by Raytheon’s 
board of directors and Trans-Sil’s 
shareholders. 


PEOPLE IN BRIEF 





Boyce Adams, formerly of the 
Wayne Kerr Corp., appointed sales 
manager for Omnitronics, a sub- 
sidiary of Borg-Warner Corp. Wil- 
liam C. Otto transfers from the 
Cornell-Dubiler Electric Corp. to 
Mallory Electromagnetic Co. as 
chief engineer. George C. Rabin 
advances at Consolidated Avionics 
Corp. to plant manager. James E. 
Buescher promoted to manager of 
the MEG Products Div. of Mandrel 
Industries, Inc. Gerald D. Ewing, 
ex-Rheem Semiconductor, joins the 
Schockley Transistor unit of Clev- 
ite Transistor as supervisor of ap- 
plication engineering. Harley D. 
Peter, formerly of Vitro Elec- 
tronics, named senior electronic 
engineer by Communication Elec- 
tronics, Inc. Donald H. Scruggs, 
ex-Television Associates, and Joel 
Julie, ex-University Loudspeakers, 
accept posts as project engineers 
in the military products division 
of Adler Electronics. Raymond J. 
Morris leaves Transco Products 
to join E & M Laboratories as 
manager of reliability and quality 
control. Ewing Taylor transfers 
from Ratigan Electronics to Van- 
guard Electronics as project engi- 
neer. 
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EMPLOYMENT 


OPPORTUNITIES 


=} (-You i ge) al | et 
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FOR POSITIONS AVAILABLE 


ATTENTION: 
ENGINEERS, SCIENTISTS, PHYSICISTS 


This Qualification Form is designed to help you advance in the electronics 


industry. It is and ¢ 





iq pact. Designed with the assistance of pro- 


fessional personnel management, it isolates specific experience in elec- 
tronics and deals only in essential background information. 


The advertisers listed here are seeking professional experience. Fill in 
the Qualification Form below. 


STRICTLY CONFIDENTIAL 


Your Qualification form will be handled as “Strictly Confidential” by 
ELECTRONICS. Our processing system is such that your form will be 
forwarded within 24 hours to the proper executives in the companies you 
select. You will be contacted at your home by the interested companies. 


WHAT TO DO 


. Review the positions in the advertisements. 
. Select those for which you qualify. 
. Notice the key numbers. 


. Circle the corr b 





g key below the Qualification Form. 


P 


. Fill out the form completely. 


. Mail to: D. Hawksby, Classified Advertising Div., ELECTRONICS, Box 12, 
New York 36, N. Y. (No charge, of course). 





Tcut here) 


electronics WEEKLY QUALIFICATION 


Personal Background 


COMPANY 


A C SPARK PLUG 
The Electronics Div. of G. M. 
Milwaukee, Wisconsin 


AVCO/RAD 
A Div. of Avco Corp. 
Wilmington, Massachusetts 


SEE PAGE 
10 


KEY # 
1 


BENDIX-PACIFIC DIV. 
The Bendix Corp. 
North Hollywood, Calif. 


BOEING AIRPLANE CO. 
Seattle, Wash. 


BRENTON EMPLOYMENT AGENCY 
Newark, New Jersey 


ERIE ELECTRONICS DIV. 
Erie Resistor Corp. 
Erie, 


ESQUIRE PERSONNEL 
Chicago, Illinois 


GENERAL ELECTRIC COMPANY 
Light Military Electronics Dept. 
Utica, New York 


HOUSTON INSTRUMENT CORPORATION 
Houston, Texas 


LOCKHEED/MISSILES & SPACE Div. 
Sunnyvale, California 


McGRAW-HILL PUBLISHING CO., INC. 
New York, N. Y. 


PERKIN-ELMER CORPORATION 
Norwalk, Connecticut 


TEXAS INSTRUMENTS INC. 
Semi ductor-C 


Pa. 


106 
34 

106 

128* 


98, 99° 





ts Div. 


id 





Dallas, Texas 


* These advertisements appeared in the 4/14/61 issue 


FORM FOR POSITIONS AVAILABLE 


Education 
PROFESSIONAL DEGREE(S) 
MAJOR(S) 
UNIVERSITY 
DATE(S) 





FIELDS OF EXPERIENCE (Please Check) 


CT Radar 


C] Aerospace C] Fire Control 


CJ Antennas 
(J asw 
= Circuits 


7) Communications 


C) Human Factors 
[_] infrared [_] simulator 
C Instrumentation 
[_] Medicine 

[_] Microwave 

|] Navigation 

C) Operations Research C) 


CT] Optics 


we Packaging 


r] Components 
C] Computers 

Cl] ecm 

[J Electron Tubes 


CO Engineering Writing 


[_] radio—tv 


["] solid state 


T] Telemetry 
= Transformers 


CATEGORY OF SPECIALIZATION 
Please indicate number of months 
experience in proper block(s) 
Technical Supervisory 
Experience Experience 
(Months) (Months) 


RESEARCH (pure, 
fundamental, basic) 

RESEARCH 

(Applied) 

SYSTEMS 

(New Concepts) 

DEVELOPMENT 

(Model) 

DESIGN 

(Product) 

MANUFACTURING 

(Product) 

FIELD 

(Service) 

SALES 

(Proposals & Products) 
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EMPLOYMENT OPPORTUNITIES 





Wanted Electrical or 


CHIEF ELECTRONICS ENGINEER Electronic Engineering 


An excellent opportunity is available for a competent engineer || Graduate, between 25 and 32 years of 
: bis x age for sales engineering work by manu- 
with proven creative ability. Applicant must have a B.S. or MSS. || facturer of electronic components, includ- 


4 . 4 : 2 “ ; |] ing High Speed Relays, Choppers, and 
degree in electrical engineering from a leading university and || Pressure Switches. 














must have at least five years experience in the design of com- 





Location: Chicago or Cleveland 





mercial electronic laboratory instruments. Write Harry E. Beane, Vico President 


This opening is ideally suited for an independent type of THE BRISTOL COMPANY 
engineer who can supervise but who requires minimum super- Waterhery 28, Conncctiont 
vision. It is an excellent ground floor opportunity in a small but 
rapidly growing and financially healthy company. (Stock option a 
participation plan would be negotiated to obtain the right man. | MANAGERS MICROWAVE 
This plus participation in management is the next best thing to 
having your own company.) All work will pertain to developing $20-26,000 Fees & exp. pd. by Co. 
a line of new products with many novel features. Applicant (1) Tube engineering manager 
should be capable of adding new, technically sound, and salable (1) Hardware, sub systems gen‘l mgr. 


A * ° ° Two of America’s top electronics com- 
ideas of his own over a reasonable period of time. panies located in N. Y. & Calif. 


Our interest also extends to small undercapitalized com- Saab Se Ga po gy ayo 
cov with promising products who may wish to consolidate Sab os ie a Ce Cae 
with us. Engineers Place Engineers 

Write to: E. V. Hardway, Jr., President Sy EMP. AGENCY 

786 Broad St., Newark, N. J. 
& . 
houston instrument corporation CIRCLE 385 ON READER SERVICE CARD 
P. O. BOX 22234 . Houston 27, Texas AUSTRALIA 

















Active company covering whole of Australia seeks 
PLANT: 4990 TERMINAL AVE IRE, TEXAS sole representation for sophisticated electronic 


test equipment. Buy on own account, stock, and 
pon ghee De cage and stock spares. Will 
not handle conflicting agencies. 
- - e ~ 
MOhawk 7-7405 CABLE: HOINCO © TWX: 28 aaeehae 4 1. Catan Ty, ta. 
385 BRIDGE ROAD, RICHMOND, VICTORIA 
AUSTRALIA 
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ME‘s, CHEM E’s, EE’s, plus CIVILS || SEARCHLIGHT 


ny Jeg gle], 
When you think of INTEREST | Classitied Advertising 


think of your job salah 
When you think of GROWTH 

think of your job | WANTED 
When you think of CHALLENGE | Wanted: Microscopic particles epeque or 


| chromophilic 5 to 40 microns in size by 5 
think of your job micron increments. Needed by _ research 


| project. Funds available. Write Murco Re- 


2 E | search, Inc., P. O. Box 6006, Jacksonville 5, 
When you think of your job, en 

think of McGRAW-HILL 
An engineer-editor on a top magazine goes hand-in-hand with interest, 
growth and challenge. In such a position, you meet and mingle with the 


top brains in your field. You'll be “in the know” about new developments 


by getting the facts and evaluating them for other engineers. You'll see PROFESSIONAL 


your work in print. If you like engineering but crave work that is imagina- 


tive, timely and exciting, you may be one of the engineer-editors we are SERVICES 
looking for. 


If you want growth, interest and a challenge in a job, ask for additional 
information by writing to: 
































Mr. Jack Coyne—Room 506 


McGraw-Hill Publishing Company Se Se ae F 
330 West 42nd Street DEVELOPMENT—PRODUCTION 


For Edge Light Panels Qualified to MIL-P-7788A 

New York 36, New York and Instruments [luminated To MIL-L-25467A 
j BODNAR PRODUCTS CORP. 

236 Huguenot St., New Rochelle,N.Y. NE 6-4664 

















CIRCLE 384 ON READER SERVICE CARD 


electronics 








INDEX TO ADVERTISERS 





Audited Paid Circulation 


AC Electronics 

AMP Incorporated 
Aerospace Corporation 

Air France 

American Bosch Arma Corp 


American Machinery & Foundry Co. 
Potter & Brumfield 

American Optical Co. 

Instrumentation 


Ampex Products 


Arnold Engineering Co., The 


Aveo Corp. 


Baird-Atomic, Inc. 
Belden Manufacturing Co. 
Bell Telephone Laboratories 


Bendix Corporation 

Bendix Pacific Div. 
Eclipse Pioneer Division........§ 
Bird & Co., Inc., Richard H....... 
*Birtcher Corporation, The . 


Boeing Airplane Co. 


By-Buk Company 


Celco-Constantine Engineering Lab- 
oratories 


Chester Cable Corp. 
Clarostat Mfg. Co., Inc. 
Clifton Precision Products Co., 


Consolidated Electrodynamics 
Corp. 


Constantine Engineering Laboratories 107 


Continental Connector Corp 77 


Daystrom Inc. 
DeJur-Amsco Corporation 


Dialight Corporation 


Eitel-McCullough, Inc. 


Electronic Instrument 


Fluke Mfg. Co., Inc., 


Gardner-Denver Company 


General Electric Co. 
Silicone Pdts. Dept 
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*General Radio Co. 
Graphic Systems, Inc. 


*Gudebrod Bros. Silk Co., Inc 


*Hallicrafters Company 
Hardwick-Hindle, Inc. 
Hart Manufacturing Co. 
*Hewlett-Packard Company 


*Hitemp Wires Co. 


Inland Moter Comp. 2. ce cvrccvcvece 


*International Telephone and _ Tele- 
graph Corp., Components Divi- 


*Kepco, Ine. 


*Kintel, A division of Cohu 
tronics Inc. ..........+.+.-3rd Cover 


Levin & Son, Inc., Louis 
Litton Industries, Electron Tube Div. 


Lockheed/Missiles and Space Div... . 


Malco Mfg. Co. 
Mallory and Co., Inc., 


Masterite Industries, Div of Hous- 
ton Fearless Corp 


*McGraw Hill Book Co. 

*Mico Instrument Co. 

Microswitch, Div. of Honeywell. ... 
Mitsumi Electric Co., Ltd. 

Monroe Electronic Laboratories, Inc. 


*Motorola Semiconductor Products 
Inc. 


*Mullard Ltd. 


*Natvar Corporation 


Non-Linear Systems, 


*Potter & Brumfield Div., American 
Machinery & Foundry Co 


* See Advertisement in the July 20, 1960 issue 
of Electronics Buyers’ Guide for complete line of 


products or services. 
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CIRCLE 107 ON READER SERVICE CARD 107 





How to Get Things Done 
Better and Faster 


BOARDMASTER VISUAL CONTROL 


Gives Graphic Picture—Saves 
Saves Money, Prevents Errors 
Simple to operate—Type or Write on 
Cards, Snap in Grooves 

ideal for Production, Traffic, Inventory 
Scheduling, Sales, Etc. 

Made of Metal. Compact and Attractive. 
Over 500,000 in Use 


Full price $4950 with cards 


FREE 24-PAGE BOOKLET NO. C-50 
Without Obligation 
Write for Your Copy Today 


GRAPHIC SYSTEMS 


YANCEYVILLE, NORTH CAROLINA 
CIRCLE 215 ON READER SERVICE CARD 


Time, 

















THE 
HELPING 
HAND 


PROTECTS YOUR 
TUBES, COMPONENTS 


eliminates the old bugaboo ot 

cable entanglement which damages 

tubes and components in lower chassis 

each time the one above is withdrawn 

for service and returned to position. 
Our new Cable Retractor’s double action 
maintains constant tension and correct sus- 
pension of cable at all times—permits ample 
cable length for full extension and tilting of 
chassis without hazard of snagging. 
For use with all types of chassis or drawer 
slides, adjustable to fit varying chassis 
lengths, simple to install, inexpensive, proven 
thoroughly reliable in operation. 
Mounts on rear support rails on standard 
1%" hole increments. Cadmium plated CRS. 
Write for Bulletin CR-100F 

ORegon 8-7827 


Western Devices, Inc. 


600 W. FLORENCE AVE., INGLEWOOD 1, CALIF. 
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*Radio Corporation of America. .4th Cover 
Rantec Corp. 

Rapidesign, Inc. 

*Raytheon Company 


*Reeves Hoffman 
* Div. of Dynamics Corp. of America 


Sarkes Tarzian Inc. 

*Sola Electric Co. 

*Southern Electronic Corp 

Sprague Electric Co. ....... 16, 26, 


Superior Cable Corp. 


Tektronix, Inc. 


Trans Electronics Inc. ..........++. 38 


*Valpey Crystal Corp. 
Vitro Electronics 


Vogue Instrument Corp. 


*Western Devices, Inc. 
*Westinghouse Electric Corp... ..33, 
White, S. S 


*See Advertisement in the July 20, 1960 issue 
of Electronics Buyers’ Guide for complete line of 
products or services. 


CLASSIFIED ADVERTISING 
F. J. Eberle, Business Mgr. 


EMPLOYMENT OPPORTUNITIES... 


Brenten Employment Agency 
The Bristol Company 

Houston Instrument Corporation 
McGraw-Hill Publishing Co 
Payne Ronald J. T 





This index and our Reader Service Numbers are pub- 
lished as a service. Every precaution is taken to make 
them accurate, but ELECTRONICS assumes no re- 
sponsibilities for errors or omissions. 








| 
| 
| 


| 
| 
| 
| 
| 
| 








electronics 


® 


Audit Bureau 
of Circulations 


Associated Business 
Publications 


Audited Paid Circulation 


BRUCE A. WINNER 
Advertising Sales Manager 


R. S. QUINT, Assistant Publisher Buyers’ Guide 
and Business Manager; FRED STEWART, Pro- 
motion Manager; B. ANELLO, Marketing 
Service Manager; RICHARD J. TOMLINSON, 
Production Manager; GEORGE E. POMEROY, 
Classified Manager; HUGH J. QUINN, Circu- 
lation Manager. 


ADVERTISING REPRESENTATIVES: NEW YORK 
Donald H. Miller, Henry M. Shaw, George F. 
Werner; BOSTON William S$. Hodgkinson, 
Donald R. Furth; PITTSBURGH David M. 
Watson; PHILADELPHIA Warren H. Gardner, 
William J. Boyle; CHICAGO Harvey W. 
Wernecke, Martin J. Gallay; CLEVELAND 
P. T. Fegley; SAN FRANCISCO T. H. Carmody, 
R. C. Alcorn; LOS ANGELES D. A. McMillan, 
Marshall Freeman; DENVER J. Patten; 
ATLANTA M. Miller; HOUSTON Joseph A. 
Page; DALLAS Robert T. Wood, Frank LeBeau; 
LONDON Edward E. Schirmer; FRANKFURT 
Stanley R. Kimes; GENEVA Michael R. Zeynel. 


BRANCH OFFICES: National Press Bidg., Wash- 
ington 4, D.C.; McGraw-Hill Bldg., Copley 
Square, Boston 16; Four Gateway Center, 
Pittsburgh 22; Six Penn Center Plaza, Phila- 
delphia 3; 520 North Michigan Avenue, Chicago 
11; 55 Public Square, Cleveland 13; 255 
California Street, San Francisco 11; 1125 West 
Sixth St., Los Angeles 17; 1740 Broadway, 
Denver 2; 1301 Rhodes-Haverty Bidg., Atlanta 3; 
901 Vaughn Bidg., Dallas 1; Prudential Bidg., 
Holcombe Blvd., Houston 25; McGraw-Hill Pub- 
lishing Co., Ltd., 34 Dover Street, London, 
England; 85 Westendstrasse, Frankfurt/Main; 
2 Place de Port, Geneva, 
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BRIEF SPECIFICATIONS 


OUTPUT VOLTA 
CALIBRATION 0.0002V 


LOAD REGULAT uV, no load to full load 


LINE REGULATION 0.002%, 1 hange in line voltage 
METER ACCURACY 
JUTPUT Z 
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0.5 wampere DC, 


tate t a ) r 
pere at 0U cps 
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KIN TEL’s Model 302 DC Voltage Standard and Null Volt- 
meter is an extremely stable, accurate, and compact source of 
variable voltage low-impedance DC. 

Standard cell stability is obtained by using KIN TEL’s 
chopper circuit which constantly compares the Model 302 out- 
put against an internal unsaturated mercury-cadmium cell. 
Short-term stability is better than 25 parts per million, and 
stability over a 30-day period is better than 50 parts per 
million. Both load and line regulation are maintained better 
than 0.002%, and ripple is less than 0.0001 volt. 


Precision voltage adjustment is easy with six detented dials. 


Up to 20 milliamperes of current are available at any dialed 
output from 1.000 to 502.110 volts. Output voltage accuracy 
is within 0.01% of setting + 0.0002 volt. 


Representatives in all major cities. 
I 


now! 
10) 0) 9) Ware lar 
measure 
1 to 502 volts 
with 0.01% 
accuracy | 


Laboratory-accurate measurements are made by the self- 
contained null voltmeter which shows the difference between 
the 302 output and an unknown input voltage. The meter has 
four decaded ranges from 50 volts to 0.05 volt, full seale, and 
permits rapid measurement of DC voltage—with up to 6 digit 
resolution—to an absolute accuracy within 0.01% of the read- 
ing +0.001 volt. The meter can also be used to indicate either 
the 302 voltage or an unknown input to a standard accuracy 
of 4% of full scale. 

The floating output is isolated from chassis ground; resist- 
ance between chassis and either output lead is greater than 
1000 megohms. The effective output impedance is less than 
0.01 ohm for DC, less than 0.2 ohm at 1000 eps. 


Write today for detailed technical literature or demonstration. 


5725 Kearny Villa Road, San Diego 11, California » Phone: BRowning 7-6700 
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Space Exploration 





Military Electronics 


Geological Exploration 





Biological Research 











3/4 PHOTOMULTIPLIERS 


—for applications where space is limited 





Dramatically smaller multiplier phototubes with features heretofore 
found only in the larger types, the new RCA-7764 and -7767 shown 
rte <ite : aa. : Item RCA-7767 | RCA-7764 
here actual size offer significant advantages in radiation-detection appli- 
cations, where multiplier phototube performance is a must, but where ory rv 10 6 
. . . i itivity 
small size is a necessity. (Amperes /lumen) 7.5 0.3 
Variations of these new types can be delivered to you “potted” with a Se | 3000 
= el c a o s eo Voltage Supply (Volts) 1250 1200 
voltage divider designed to meet your specifications. For more informa- Response Range 3000-6500 | 3000-6500 
tion, contact the RCA Field Office nearest you. Or write Marketing Phase pease (S11) | = (S11) 
. fe ax. Response Blue Blue 
Manager, RCA Industrial Products Dept., RCA, Lancaster, Pa. For a pon ts 4400 4400 
free technical bulletin on the RCA-7764 or -7767, write: Section D19Q4, Max. Rigid Length 4.0” 2.75” 


~ . . . ° ee ° ” ” 
Commercial Engineering, RCA Electron Tube Division, Harrison, N. J. onesie’ — pein 


THE FACTS 























The Most Trusted Name in Electronics 
RADIO CORPORATION OF AMERICA 


® 


RCA ELECTRON TUBE DIVISION FIELD OFFICES...Industrial Product Sales: Detroit 2, Michigan, 714 New Center Building, TRinity 5-5600 » Newark 2, N. J., 744 Broad 
St., HUmboldt 5-3900 » Chicago 54, Illinois, Suite 1154, Merchandise Mart Plaza, WHitehall 4-2900 - Los Angeles 22, Calif., 6355 E. Washington Blvd., RAymond 3-8361 + 


Burlingame, Calif., 1838 El Camino Real, OXford 7-1620. Government Sales: Newark 2, N. J., 744 Broad St. HUmboldt 5-3900 + Dayton 2, Ohio, 224 N. Wilkinson St.. 
BAldwin 6-2366 » Washington 7, D. C., 1725 ‘‘K’’ St., N.W., FEderal 7-8500. 





